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Abstract: A space probe is an unmanned space vehicle launched into space
to study more or less distant different celestial objects: The Sun, the
planets, dwarf planets and small bodies, their satellites, the interplanetary
medium or the interstellar medium. A space probe is distinguished from
other unmanned spacecraft that remain in Earth orbit. Space probes can
take a large number of forms to fulfill their mission: Orbiter placed in orbit
around the observed celestial body, lander who explores in situ the soil of
the target planet, impactor, etc. A probe can carry autonomous devices to
increase its field of investigation: Sub-satellite, impactor, rover, balloon. A
space probe has to travel great distances and operate far from the Earth and
the Sun, which requires specific equipment. It must have enough energy
to operate in regions where solar radiation provides only limited power,
have a great autonomy of decision because the remoteness of the control
center no longer allows human operators to react in real time at events,
solving telecommunication problems made difficult by distances that
reduce flow and resist radiation and extreme temperatures that malfude
embedded electronics and mechanisms. Finally, to reach a destination at a
cost and within an acceptable time, the spacecraft is led to use
sophisticated methods of navigation and propulsion: Gravitational
assistance, airbrake, ion propulsion. The first space probes are the Luna
probes launched to the moon by the Soviet Union in 1959. In 1961, the
Soviet Union launched Venera, the first probe to study another planet
than the Earth, in this case, Venus. Russia, which was a leader at the
beginning of the space age, has not had an active role since 1988 and left
this place in the United States. The European Space Agency (Mars Express,
Venus Express, Rosetta, participation in the Cassini-Huygens spacecraft)
and Japan (Hayabusa, SELENE) are also becoming increasingly important.
Finally, since the end of the 2000s, China and India have also been
producing space probes. To offset a high development cost (an amount that
can exceed one billion euros), the realization of space probes is now often
the subject of international cooperation.
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planet, impactor, etc. A probe can carry autonomous
devices to increase its field of investigation: Sub-
satellite, impactor, rover, balloon.

Introduction

A space probe is an unmanned space vehicle

launched into space to study more or less distant
different celestial objects: The Sun, the planets, dwarf
planets and small bodies, their satellites, the
interplanetary medium or the interstellar medium. A
space probe is distinguished from other unmanned
spacecraft that remain in Earth orbit. Space probes can
take a large number of forms to fulfill their mission:
Orbiter placed in orbit around the observed celestial
body, lander who explores in situ the soil of the target
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A space probe has to travel great distances and
operate far from the Earth and the Sun, which requires
specific equipment. It must have enough energy to
operate in regions where solar radiation provides only
limited power, have a great autonomy of decision
because the remoteness of the control center no longer
allows human operators to react in real time at events,
solving telecommunication problems made difficult by
distances that reduce flow and resist radiation and
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extreme temperatures that malfude embedded electronics
and mechanisms. Finally, to reach a destination at a cost
and within an acceptable time, the spacecraft is led to use
sophisticated methods of navigation and propulsion:
Gravitational assistance, airbrake, ion propulsion.

The first space probes are the Luna probes launched
to the moon by the Soviet Union in 1959. In 1961, the
Soviet Union launched Venera, the first probe to study
another planet than the Earth, in this case, Venus.
Russia, which was a leader at the beginning of the
space age, has not had an active role since 1988 and left
this place in the United States. The European Space
Agency (Mars Express, Venus Express, Rosetta,
participation in the Cassini-Huygens spacecraft) and
Japan (Hayabusa, SELENE) are also becoming
increasingly important. Finally, since the end of the
2000s, China and India have also been producing space
probes. To offset a high development cost (an amount
that can exceed one billion euros), the realization of
space probes is now often the subject of international
cooperation (Rulkov et al., 2016; Agarwala, 2016;
Babayemi, 2016; Gusti and Semin, 2016; Mohamed et al.,
2016; Wessels and Raad, 2016; Maraveas et al., 2015;
Khalil, 2015; Rhode-Barbarigos et al., 2015;
Takeuchi et al., 2015; Li et al., 2015; Vernardos and
Gantes, 2015; Bourahla and Blakeborough, 2015;
Stavridou et al., 2015; Ong et al., 2015; Dixit and Pal,
2015; Rajput et al., 2016; Rea and Ottaviano, 2016;
Zurfi and Zhang, 2016a; 2016b; Zheng and Li, 2016;
Buonomano er al., 2016a; 2016b; Faizal et al., 2016;
Cataldo, 2006; Ascione et al., 2016; Elmeddahi ef al.,
2016; Calise et al., 2016; Morse et al., 2016;
Abouobaida, 2016; Rohit and Dixit, 2016; Kazakov ef al.,
2016; Alwetaishi, 2016; Riccio ef al., 2016 a-b; Igbal,
2016; Hasan and El-Naas, 2016; Al-Hasan and Al-
Ghamdi, 2016; Jiang et al., 2016; Sepulveda, 2016;
Martins et al., 2016; Pisello et al., 2016; Jarahi, 2016;
Mondal et al., 2016; Mansour, 2016; Al Qadi et al.,
2016b; Campo et al., 2016; Samantaray et al., 2016;
Malomar et al., 2016; Rich and Badar, 2016; Hirun,
2016; Bucinell, 2016; Nabilou, 2016b; Barone et al.,
2016; Chisari and Bedon, 2016; Bedon and Louter,
2016; Santos and Bedon, 2016; Minghini et al., 2016;
Bedon, 2016; Jafari et al., 2016; Chiozzi et al., 2016;
Orlando and Benvenuti, 2016; Wang and Yagi, 2016;
Obaiys et al., 2016; Ahmed et al., 2016; Jauhari et al.,
2016; Syahrullah and Sinaga, 2016; Shanmugam, 2016;
Jaber and Bicker, 2016; Wang et al., 2016; Moubarek
and Gharsallah, 2016; Amani, 2016; Shruti, 2016; Pérez-
de Leon et al., 2016; Mohseni and Tsavdaridis, 2016;
Abu-Lebdeh er al., 2016; Serebrennikov et al., 2016;
Budak et al., 2016; Augustine et al., 2016; Jarahi and
Seifilaleh, 2016; Nabilou, 2016a; You et al., 2016; Al
Qadi et al., 2016a; Rama et al., 2016; Sallami et al.,
2016; Huang et al., 2016; Ali et al., 2016; Kamble and
Kumar, 2016; Saikia and Karak, 2016; Zeferino et al.,
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2016; Pravettoni et al., 2016; Bedon and Amadio, 2016;
Chen and Xu, 2016; Mavukkandy et al., 2016; Gruener,
2006; Yeargin et al., 2016; Madani and Dababneh,
2016; Alhasanat er al., 2016; Elliott et al., 2016;
Suarez et al., 2016; Kuli et al., 2016; Waters et al.,
2016; Montgomery et al., 2016; Lamarre et al., 2016;
Daud et al., 2008; Taher et al., 2008; Zulkifli et al.,
2008; Pourmahmoud, 2008; Pannirselvam et al., 2008;
Ng et al., 2008; El-Tous, 2008; Akhesmeh et al., 2008;
Nachiengtai et al., 2008; Moezi et al., 2008; Boucetta,
2008; Darabi et al., 2008; Semin and Bakar, 2008;
Al-Abbas, 2009; Abdullah et al., 2009; Abu-Ein, 2009;
Opafunso et al., 2009; Semin et al., 2009a; 2009b;
2009c¢; Zulkifli et al., 2009; Marzuki et al., 2015; Bier
and Mostafavi, 2015; Momta et al., 2015; Farokhi and
Gordini, 2015; Khalifa ef al., 2015; Yang and Lin, 2015;
Chang et al., 2015; Demetriou et al., 2015; Rajupillai ef al.,
2015; Sylvester et al., 2015; Ab-Rahman et al., 2009;
Abdullah and Halim, 2009; Zotos and Costopoulos,
2009; Feraga et al., 2009; Bakar et al., 2009; Cardu et al.,
2009; Bolonkin, 2009a; 2009b; Nandhakumar et al.,
2009; Odeh et al., 2009; Lubis et al., 2009; Fathallah and
Bakar, 2009; Marghany and Hashim, 2009; Kwon et al.,
2010; Aly and Abuelnasr, 2010; Farahani et al., 2010;
Ahmed et al., 2010; Kunanoppadon, 2010; Helmy and
El-Taweel, 2010; Qutbodin, 2010; Pattanasethanon,
2010; Fen et al., 2011; Thongwan et al., 2011;
Theansuwan and Triratanasirichai, 2011; Al Smadi, 2011;
Tourab et al., 2011; Raptis ef al., 2011; Momani et al.,
2011; Ismail et al., 2011; Anizan et al., 2011; Tsolakis
and Raptis, 2011; Abdullah er al., 2011; Kechiche et al.,
2011; Ho et al., 2011; Rajbhandari et al., 2011; Aleksic
and Lovric, 2011; Kaewnai and Wongwises, 2011;
Idarwazeh, 2011; Ebrahim et al., 2012; Abdelkrim et al.,
2012; Mohan et al., 2012; Abam et al., 2012; Hassan et al.,
2012; Jalil and Sampe, 2013; Jaoude and El-Tawil, 2013;
Ali and Shumaker, 2013; Zhao, 2013; El-Labban et al.,
2013; Djalel et al., 2013; Nahas and Kozaitis, 2013;
Petrescu and Petrescu, 2014a; 2014b; 2014c; 2014d;
2014e; 2014f; 2014g; 2014h; 2014i; 2015a; 2015b; 2015¢;
2015d; 2015¢e; 2016a; 2016b; 2016c; 2016d; Fu et al.,
2015; Al-Nasra et al., 2015; Amer et al, 2015;
Sylvester et al., 2015b; Kumar et al., 2015; Gupta et al.,
2015; Stavridou et al., 2015b; Casadei, 2015; Ge and
Xu, 2015; Moretti, 2015; Wang et al., 2015; Antonescu
and Petrescu, 1985; 1989; Antonescu et al., 1985a;
1985b; 1986; 1987; 1988; 1994; 1997; 2000a; 2000b;
2001; Aversa ef al., 2017a; 2017b; 2017¢; 2017d; 2017e;
2016a; 2016b; 2016¢c; 2016d; 2016e; 2016f; 2016g;
2016h; 2016i; 2016j; 2016k; 20161; 2016m; 2016n;
20160; Cao et al., 2013; Dong et al., 2013; Comanescu,
2010; Franklin, 1930; He ef al., 2013; Lee, 2013; Lin et al.,
2013; Liu et al., 2013; Padula and Perdereau, 2013;
Perumaal and Jawahar, 2013; Petrescu, 2011; 2015a;
2015b; Petrescu and Petrescu, 1995a; 1995b; 1997a;
1997b; 1997¢; 2000a; 2000b; 2002a; 2002b; 2003; 2005a;
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2005b; 2005¢c; 2005d; 2005e; 2011a; 2011b; 2012a;
2012b; 2013a; 2013b; 2013c; 2013d; 2013e; 2016a;
2016b; 2016c¢; Petrescu et al., 2009; 2016; 2017a; 2017b;
2017¢c; 2017d; 2017e; 2017f; 2017g; 2017h; 2017i; 2017j;
2017k; 20171; 2017m; 2017n; 20170; 2017p; 2017q;
2017r; 2017s; 2017t; 2017u; 2017v; 2017w; 2017x;
2017y; 2017z; 2017aa; 2017ab; 2017ac; 2017ad; 2017ae;
2018a; 2018b; 2018c; 2018d; 2018e; 2018f; 2018g;
2018h; 2018i; 2018j; 2018k; 20181; 2018m; 2018n).

Materials and Methods

A space probe is a space vehicle launched without
human crew that aims to explore one or more celestial
bodies - planet, moon, comet, the asteroid - or the
interplanetary or interstellar medium. Its payload
consists of scientific instruments of various kinds -
cameras operating or not in visible light, spectrometers,
radiometers, magnetometers - which allow collecting
data in situ or at a distance which are then transmitted to
the Earth. If in its general architecture a space probe is
often close to an artificial satellite orbiting the Earth,
several characteristics make it special machines:

e The distance between the operators on the ground
and the machine which imposes both a large
autonomy and a communication system that is both
powerful and precise

The complexity of the tasks to be linked: Landing on
celestial objects provided with an atmosphere or
having very low gravity, the precise pointing of the
instruments on high-speed moving targets, collection
of samples, backup procedures in case of failure

The accuracy and complexity of the navigation;
Cosmic ray exposure

The sophistication of scientific instrumentation
related to the need to reduce payload and
performance requirements

The weakness of available solar energy if the probe
is intended for the outer planets

Much more extreme temperatures when the probe is
sent to the outer planets or below the orbit of Mercury
The duration of the mission which can begin after a
transit of up to ten years

The missions of exploration of the solar system are
expensive and therefore rare (some missions per year all
space agencies combined) while the subjects of study are
multiplying as and when the scientific advances. The
selection process is therefore severe and highly
regulated. The main space agencies rely to determine
their space exploration strategy on documents produced
by the main scientific authorities. For NASA is the
Planetary Science Decadal Survey produced every ten
years while the European Space Agency has had a
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similar document produced for its scientific program
Cosmic Vision set up in 2004 for projects ending in
2015-2025. The French CNES, although having a research
budget that does not allow it to carry out exploration of
the solar system autonomously, proceeds in the same way.
In this framework, a purely prospective call for ideas can
be launched by the space agency followed by a call for
proposals (AO). The latter normally leads to the selection
and development of a mission. It is launched in a pre-
established budget framework. At NASA, this budget
line for a mission type is available periodically, as in the
case of New Frontiers or Discovery, which allows
developing respectively 2 and 4/5 missions per decade.
ESA (which has only a fraction of NASA's budget)
selects the missions very long before they are launched.
The launch date is often postponed to cope with budget
constraints. Teams that respond to tenders include
engineers and scientists. They submit proposals detailing
both scientific objectives, technical characteristics and
financial aspects. The choice is made by scientific
committees that take into account the long-term scientific
strategy set by the documents produced by the academic
authorities at the beginning of this process.

The exploration method used for a space probe is
essentially determined by the scientific objectives
pursued and the cost constraints. For example, if it is the
first study of a planet, the idea is to place the space probe
in orbit around it to make observations on the entire
planet over long periods. But the setting in orbit requires
adding a propulsion loaded braking which represents a
major cost. For this reason, we can choose to perform a
simple overview of the lens by optimizing the
trajectory for scientific instruments to collect the
maximum amount of data. Finally, the choice of a
method of exploration is conditioned by the level of
expertise of the nation or group of nations developing
the space probe. The lowest level of difficulty is flying
over an inner planet of the solar system. The removal
of a partially autonomous rover on the planet Mars,
characterized by a high gravity and an atmosphere, was
only achieved in 2013 by NASA.

Results and Discussion

Depending on the exploration method used, space
probes can be arranged in 9 main categories. Some space
probes relate to several categories at once for example
when they combine an orbiter and a landing gear
(Viking, Fig. 1).

The Viking program consisted of a pair of American
space probes sent to Mars, Viking 1 and Viking 2. Each
ship was made up of two main parts: An orbiter
designed to photograph the surface of Mars in orbit and
ground to protect the planet on the surface. Orbits have
also served as communication relays for those who
have reached the threshold.
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Fig. 1: Viking probe

The Viking program has grown from NASA's older,
more ambitious program, Voyager Mars, which was not
linked to Voyager's successful space probes in the late
1970s. Viking 1 was released on August 20, 1975 and
Viking 1 was launched on September 9, 1975, both Titan
IIIE missiles with superior Centaur instruments. Viking
1 entered Mars orbit on June 19, 1976, with Viking 2
following on August 7.

After they marched Mars for more than a month and
turned the images used to select the landing places, the
shutters and detachments were detached; the descent
then entered into the Martian atmosphere and landed
gently in the places that had been chosen. Viking 1
arrived on Mars on July 20, 1976 and joined Viking
Landing on September 2. 3. Orbit continued to
photograph and perform other orbital scientific
operations, while the vessels used surface instruments.

The project cost about $ 1 billion in US dollars in
1970, equivalent to about $ 5 billion in § 2018. The
mission was considered successful and is credited to help
build the most knowledge about Mars by the late 1990s
and early 2000s.

The primary objectives of the two Vikings were to
transport Mars hooks, to recognize the location and
certification of landing sites, to act as landing
communications relays and to conduct their own
scientific research. Each dazzling, based on Mariner 9,
was an octagon of about 2.5 m. The dazzling pocket,
with a complete fire, had a mass of 3527 kg. After
separation and landing, the soil had a mass of about 600
kg and an orbit of 900 kg. The total weight of the launch
was 2328 kg, of which 1445 kg was the attitude of fuel
and gas control. The eight sides of the ring structure
have a height of 0.4572 m and have alternate widths of
1.397 and 0.508 m. The overall height was 3.29 m from
the ground clamping points to the bottom of the vehicle's
grip points launched at the top. There were 16 modular
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compartments, 3 on each of the four long faces and one
on each short face. Four wings of solar panels were
extended from the axis of the orbit, the distance from the
top to the top of two extended solar panels was 9.75 m.

The main propulsion unit was mounted above the
orbital bus. The propulsion was provided by a rocket
engine with bipropellant (monomethyl hydrazine and
nitrogen tetroxide), which could be trained up to 9
degrees. The engine was capable of a displacement of
1,323 N (297 Ibf), offering a speed change of 1480 m/s.
Attitude control was achieved by 12 small jets of
compressed nitrogen.

An acquisition sun sensor, a cruise flight sensor, a
Star Canopus tracker and an inertial reference unit,
composed of six gyroscopes, allowed three-axis
stabilization. There were two accelerometers on board.
Communications were conducted via 20 WS (2.3 GHz)
transmitters and two 20W TWTA transmitters. An X
band (8.4 GHz) was also added specifically to radio
communications and experiments. Uplink was through
the S-band (2.1 GHz). A two-axis parabolic antenna with
a diameter of approximately 1.5 m was attached to an
edge of the orbital base and a fixed low gain antenna was
extended from the top of the bus. Two tape recorders
were able to store 1280 megabytes. A 381 MHz relay
radio was also available.

The power of the two orbital boats was assured by
eight solar panels of 1.57x1.23 m, two on each wing.
Solar panels have a total of 34,800 solar cells and
produced 620 powers on Mars. Power was also stored in
two nickel-cadmium batteries 30-A - h.

The combined area of the four panels was 15 square
meters (160 square meters) and provided both regular
and irregular power; unregulated power was provided to
the radio transmitter and take-off device.

Two 30-hour nickel-cadmium rechargeable batteries
provided energy when the spacecraft was not facing the
sun and Mars's correction and obfuscation maneuvers.

Discovering many geological forms commonly
formed of large amounts of water, the images of the
blind have revolutionized our ideas about Mars water.
Large river dwellings have been found in many areas.
They have shown that water floods have broken dams,
deeply carved valleys, eroded canals and thousands of
kilometers. The large hemisphere in the southern
hemisphere ~ contains  branched-flow  networks,
suggesting that the rain fell once. It is believed that the
flanks of some volcanoes have been exposed to
precipitation because it resembles those produced on
Hawaiian volcanoes. Many craters show that the impact
element has fallen into the mud. When they were
formed, the ice in the soil would melt, turn the earth into
the mud and then cross the surface. Normally, the
material from an impact increases, then down. It does not
flow over the surface, going around the obstacles, as is
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the case with martial craters. The regions, termed chaotic
Terrain, seemed to have quickly lost large volumes of
water, causing large channels to form. The amount of
water involved was estimated at ten thousand times
larger than the Mississippi River. Underground
volcanism can be melted by ice; the water then leaked
and the earth collapsed to leave the chaotic terrain.

Each platform consisted of a six-sided aluminum
base with long sides of 1.09 and 0.56 m (3 ft 7 in and 1 ft
10 in) supported on three extended legs attached to the
shorter sides. The legs of the legs formed the vertices of
an equilateral triangle with the sides of 2.21 m, seen
from above, the long sides of the base being formed by a
straight line with the two adjacent legs. The
instrumentation was attached to the inside and above the
base, raised above the surface by the extended legs.

Each landing device was closed in a thermal
ventilation screen designed to slow the discharge during
the intake phase. To prevent contamination with Mars by
the Earth's organisms, each landing was closed in a "bio-
shield" under pressure and then sterilized at a
temperature of 111°C (40°F) for 40 hours. For thermal
reasons, the cover of the bio-shield was removed after
the Centaur upper phase powered the Viking
orbiter/lander combination into the Earth's orbit.

Each landing arrived on Mars attached to the orbit.
The ensemble has blinded itself to Mars several times
before the soil is released and detached from orbit to
descend to the surface. The descent contained four
distinct phases, starting with burning. The creditor then
experienced top-of-the-air warming, which took place a
few seconds after the start of friction heating with the
Martian atmosphere. At an altitude of about 6 km and
traveling at a speed of 900 km/h (600 mph), the
parachute was launched, the aerosol was released and the
hips weakened. At an altitude of about 1.5 kilometers,
the lander activated his three retro-engines and was
released from the parachute. The lender immediately
used the buttons to slow down and control the descent,
with a soft landing on Mars' surface.

Propulsion was provided by mono propel hydrazine
(N2H4) through a 12-ship rocket disposed of in four
groups of three, providing a force of 32 newtons (7.2
1bf), translating a change of 180 m (590) and rotation of
the landing gear.

Lowering the terminals (after using a parachute) and
landing allowed the use of three single-propelled
hydraulic motors (one mounted on each side of the base,
separated by 120 degrees). The engines had 18 nozzles
to disperse the exhaust gases and to minimize the effects
on the soil and were sparkling from 276 to 2667 newtons
(62 to 600 Ibf). Hydrazine was purified to prevent
contamination of Martian surface with microbes in the
earth. Lander transported 85 kg of fuel containing two
titanium glass tanks mounted on the opposite sides of the
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soil under the X-ray windshield, giving a total launch
weight of 657 kg (1448 Ib). The control was performed
using an inertial reference unit, four gyroscopes, a radar
altimeter, one terminal take-off radar and a landing, as
well as a commander's propulsion.

Power was provided by two radio-isotopic units of
thermoelectric generators (RTGs) containing 239
plutonium fixed to the opposite sides of the ground and
covered with windscreens. Each generator had a height
of 28 cm (11 inches), 58 cm (23 in) in diameter, had a
mass of 13.6 kg (30 Ib) and provided a continuous
power of 30 W at 4.4 V Four layers of 28,800 nickel-
nickel coulombs, 28 volt rechargeable batteries were
loaded to charge peak loads.

The communications were conducted through a 20 W
transmitter S using two displacement wave tubes. A two-
axis parabolic antenna with high maneuverability was
mounted on an arm near the landing edge. An
omnidirectional low gain antenna extends from the base.
Both antennas allow direct communication with the
Earth, allowing Viking 1 to continue working long after
both failures. The UHF antenna (381 MHz) provided a
single relay using a 30-watt relay radio. Data storage was
on a 40 Mbit tape recorder and the creditor's computer
had a memory of 6,000 words for command instructions.

The instructor used tools to achieve the primary
science objectives of the lander mission: The study of
biology, chemical composition (organic and inorganic),
meteorology,  seismology,  magnetic  properties,
appearance and physical properties of the Martian
surface and atmosphere. Two 360-degree cylindrical
scanning cameras were mounted near alongside the base.
From the center of this section extends the sampling arm,
with a collector head, temperature sensor and magnet at
the end. A meteorological arm, retention temperature,
wind direction and wind speed sensors have expanded
and expanded from the top of one of the grip legs. A
seismometer lens, magnet and test chamber and
magnifying mirror are mounted in front of the cameras,
near the high gain antenna. A compartment controlled
with the inner environment held the biological experiment
and mass spectrometer with a gas chromatograph. The X-
ray fluorescence spectrometer was also mounted in the
structure. A pressure sensor was attached under the body.
The scientifically useful volume had a total weight of
approximately 91 kg (201 Ib).

Viking Plot has conducted biological experiments
designed to detect the life of Martian soil (if any) with
experiments designed by three separate teams led by
NASA chief scientist Gerald Soffen. One experiment
was positive for the detection of metabolism (current
life), but based on the results of the two other
experiments that failed to reveal any organic molecule in
the soil, most scientists were convinced that positive
results are probably due to strong soil oxidation.
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Although there is a consensus that Viking results
have shown a lack of ground biosignals at the two
landing sites, test results and boundaries are still under
evaluation. The validity of LR is based entirely on the
absence of an oxidizing agent in Martian soil but was
subsequently discovered by Phoenix soil as perchlorate
salts. It was proposed that organic compounds be present
in the soil analyzed by both Viking 1 and Viking 2 but
remained unnoticed due to the presence of perchlorate
detected by Phoenix in 2008. Researchers found that
perchlorate would destroy organic substances when
heated and produce chloromethane and dichloromethane,
the same chlorine compounds discovered by both Viking
flights when performing the same tests on Mars.

The issue of microbial life on Mars remains
unresolved. However, on April 12, 2012, an international
team of scientists reported studies based on
mathematical speculation, analyzing the complexity of
experiments launched on Labeled in the 1976 Viking
Mission, which may suggest detecting '"existing
microbial existence on Mars.

The leader of the imaging team was Thomas Mutch, a
geologist at Brown University in Providence, Rhode
Island. The camera uses a mobile mirror to illuminate 12
photodiodes. Each of the 12 silicon diodes is designed to
be sensitive to different frequencies of light. Several
diodes are positioned to accurately focus at distances
between 6 and 43 m away from the ground.

Scanned devices have a scan rate per second, each
with 512 pixels. The 300-degree panoramic images were
composed of 9,150 lines. Scanning the cameras was slow
enough that, in a team, more members.

Spatial probes can be designed to perform a simple
overview of the celestial object to be studied. In the
simplest cases, these probes must only be placed on a
precise trajectory from the Earth to carry out their
missions at the cost of a few small corrections during
transit. The first interplanetary probes like Mariner 4
(Fig. 2) were of this type.

Mariner 4 (along with Mariner 3, known as Mariner-
Mars 1964) was the fourth in a series of spacecraft
designed for planetary exploration in a flyby way. It was
designed to make close scientific observations of Mars
and transmit these observations to Earth. Launched on
November 28, 1964, Mariner 4 made Marte's first
successful navigation plan, transforming the first
background images of the Martian surface. He
captured the first images of another planet ever turned
from deep space; their description of a dark and
seemingly dead world has greatly changed the vision
of the scientific community about life on Mars. Other
objectives of the mission were space and space
measurements and the provision of experience and
knowledge about engineering capabilities for long-term
interplanetary ~ flights. On December 21, 1967,
communications with Mariner 4 ceased.
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Fig. 2: Spacecraft Mariner 4

Spacecraft Mariner 4 consisted of an octagonal frame
with a diagonal of 127 cm and a height of 45.7 cm. Four
solar panels were attached to the top of the frame, having
an end of 6.88 m, including solar pressure slides
extending from the ends. A parabolic antenna of the high
height of 116.8 cm was mounted at the top of the frame.
The omnidirectional low gain antenna was mounted at a
height of 7 inches, 223.5 cm high, near the high gain
antenna. The total height of the spacecraft was 2.89
meters. The octagonal frame was equipped with
electronic equipment, harnesses, timely propulsion and
gas supply and attitude controllers.

Scientific Instruments Included

A helium magnetometer mounted on the waveguide
that drives the omnidirectional antenna to measure the
magnitude and other features of the interplanetary and
planetary magnetic fields.

A Geiger ion/ion counter mounted on the waveguide
that drives the omnidirectional antenna closer to the
spacecraft's body to measure the intensity and
distribution of charged particles in the interplanetary
space and Mars.

A captured radiation detector, mounted on the body
with counter-axes oriented at 70° and 135° in the
direction of the sun, to measure the intensity and
direction of the low-energy particles.

A cosmic ray telescope, mounted inside the body,
indicating an anti-solar direction to measure the direction
and energy spectrum of protons and alpha particles.

A solar plasma probe mounted on the body at 10
degrees to the sun to measure the flow of charged
particles of very low solar energy.

A cosmic dust detector, mounted on the body with a
microphone plate approximately perpendicular to the
plane of the orbit, to measure the impulse, distribution,
density and direction of the cosmic dust.

A television camera, mounted on a scanning platform
in the center of the ship's center, to get close-up images
of Mars. This subsystem comprises 4 parts, a Cassegrain
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telescope with a viewing range of 1.05° to 1.05° a
shutter and a set of red/green filters with an exposure
duration of 0.08 s and 0.20 s, a vidicon scan tube that
translates the video signal and the electronic systems
needed to convert the analog signal into a digital
bitstream for transmission.

The power tool and the Mariner 4 radio transmitter
were delivered by 28,224 solar cells contained in the
four 176x90 cm solar panels that could provide a 310-
watt edge. A rechargeable 1200 W-h silver-zinc battery
was used and for maneuvers and reserve. Hydraulic
propulsion was used for propulsion through a four-jet
vector control engine with a pressure of 222 newtons (50
Ibf) installed on one of the sides of the octagonal
structure. The control of the probe space attitude was
assured by 12 cold nitrogen gas jets mounted at the ends
of the solar panels and three gyroscopes. The solar
pressure panels, each with a surface of seven ft?, were
attached to the top of the solar panels. Position
information was provided by four sun sensors and a
Terra, Marte or Canopus Star sensor, depending on the
time spent in its space. Mariner 4 was the first spacecraft
to need a star for a navigation reference, as Earth, Moon
or Venus earlier missions saw either the brilliant face of
the planet of origin, the burning target. During this flight,
both the Earth and Mars would be too weak to block.
Another source of light at a wide angle from the Sun was
necessary and Canopus fulfilled this heaven.

Mariner's telecommunication devices consist of S-
band transmitters (a seven-watt three-dimensional cavity
amplifier or a 10-watt protective amplifier) and a single
radio receiver that together can send and receive 8-bit or
33-bit data per second. The data could also be stored on
a 5.24-million-bit tape recorder for subsequent
transmission. All electronic operations were controlled
by a command subsystem that could process any of the
29 direct command words or three command words for
maneuvers midway. The central computer and sequence
command the stored timestamps using a 38.4 kHz
synchronization frequency as a reference. Temperature
control was achieved by using adjustable slots mounted on
six electronic assemblies, plus multilayer insulating
sheets, polished aluminum shields and surface treatments.
Other measurements that can be performed include:

e Radio has appeared
e Heavenly technology based on precision tracking
After Mariner 3 was a total loss due to the failure of
the payload, JPL engineers suggested that there was a
failure caused by the outer separation of the metal plates
from the glass fiber inner liner due to the pressure
differences between the inner and outer part of the
shroud and that this could have caused the arc separation
mechanism to get tangled and not detached properly.
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Testing at JPL has confirmed this failure and efforts
have been made to develop a new metal edition. The
downside was that the new platform would be
significantly larger and reduce the capacity of the Atlas-
Agena lift. Convair and Lockheed-Martin were supposed
to do more performance improvements to get more
power out of it. Despite fears that the work could not be
completed before the window of March 1964 was
closed, the new shroud was ready by November.

After launching the Cape Canaveral 12 launch
complex, Mariner 4 was removed and the Agena-
D/Mariner 4 combination was separated from the Atlas-
D rocket at 14:27:23 UTC on November 28, 1964. The
first firing of the Agena had place in 14: 28: 14 and
14:30:38. The initial launch put the spacecraft in a
ground parking orbit and the second burning at 15:02:53
at 15:04:28 injected the craft into a transfer orbit on
Mars. Mariner 4 broke away from Agena at 15:07:09 and
began to travel. The solar panels installed and the
scanning platform was disconnected at 15:15:00. The
accumulation of the sun occurred after 16 minutes.

After Sun's acquisition, the Star Canopus tracker
searched for Canopus. The Star Tracking System has
been set to respond to any object more than one eighth
and less than eight times lighter than Canopus. Including
Canopus, there were seven such objects visible to the
sensor. It took more than a day of "hip-hop" to find
Canopus because the sensor was blocked by other stars:
in front of Canopus an exterior model, Alderamin,
Regulus, Naos and Gamma Velorum.

A consistent problem that affected the spacecraft
during the first part of its mission was that the transitions
of the roll error signal would occur frequently and would
occasionally cause the loss of the Canopus star block.
The first half-race attempt was canceled by a loss of lock
shortly after the gyroscopes began to spin. Canopus's
blocking has been lost six times in less than three weeks
of launch and each time a series of radio commands are
needed to recover the star. After a study of the problem,
the investigators concluded that the behavior was due to
the small particles of dust that were released by
spacecraft by some means and traveling through the field
of vision of the sensor. The light of the sun scattered
from the particles appears as an illumination equivalent
to that of a bright star. This would result in a transient
rolling error because the object passed through the field
of view while the sensor was blocked on Canopus. When
the object was brilliant enough to exceed the gate limit
of eight times the Canopus intensity, the ship will
automatically initiate a search for a new star. Finally, a
radio command was sent on December 17, 1964, which
eliminated the upper limit of the gate. There was no
further loss of Canopus lock, although there were 38
passes before meeting with Mars.

Mission return dates were
(approximately 634 KB). All

5.2 million bits
instruments worked
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successfully, with the exception of one part of the
ionization chamber, namely the Geiger-Miiller tube,
which failed in February 1965. In addition, the plasma
probe had the degraded performance of a defect of
resistance on December 8, 1964, but experimenters have
been able to recalibrate the instrument and continue to
interpret the data. Returned images showed a land similar
to the Moon, which scientists did not expect, although
amateur astronomer Donald Cyr predicted craters. Later,
missions showed that craters were not typical of Mars, but
only for the older region recorded by Mariner 4, a pressure
of 4.1-7.0 millibars (410-700 Pascal) and a temperature of
-100 degrees Celsius. There are no magnetic fields or
Martian radiation belts or, surprisingly, the surface water
was again detected at that time.

The objectives that can be achieved by this type of
mission are however limited: The observation time is
very short because the probe is flying over a speed of
several km / s, often only one side of the celestial body is
visible at the time of over-flight and lighting conditions
are not optimal. This method of observation may be the
only one that can be used for the most distant celestial
objects (see Pluto by New Horizons, Fig. 3).

New Horizons is an interplanetary space probe
launched as part of NASA's New Frontiers program.
Designed by Johns Hopkins University, the Applied
Physics Laboratory (APL) and the South West Research
Institute (SwWRI), with a team led by S. Alan Stern, the
ship was launched in 2006 with the primary mission of
conducting a study of Pluto 2015 and a secondary
mission to fly and study one or more Kuiper belt items in
the next, including MU69 2014 in 2019. It is the fifth
space probe to achieve the evacuation speed required to
leave the system solar.

Fig. 3: New horizons
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On January 19, 2006, New Horizons was launched
from Cape Canaveral Air Station by an Atlas V rocket
directly on a trajectory of the earth and the sun at a speed
of 10.10 mi/s and 58,500 km/h; 36,400 mph). This was
the fastest anthropic object ever produced on Earth. After
a brief encounter with the asteroid 132524 APL, New
Horizons proceeded to Jupiter, approaching the nearest
approach on February 28, 2007, at a distance of 2.3
million kilometers. Jupiter flyby has provided gravity
assistance that has increased New Horizons speed; has
also allowed a general test of the scientific capabilities of
New Horizons, which returns data about the planet's
atmosphere, the moon and the magnetosphere.

Most of the post-Jupiter trip was spent in
hibernation mode to keep the systems on board,
except for short annual leaks. On December 6, 2014,
new horizons were brought online for Pluto's meeting
and began checking. On 15 January 2015, the
spacecraft began its approach with Pluto.

On 14 July 2015, at 11:49 UTC, he flew 12,500 km
(7,800 mi) above Pluto, becoming the first spacecraft to
explore the dwarf planet. On October 25, 2016, 21:48
UTC, Pluto's latest data was received from New
Horizons. After completing his trip to Pluto, New
Horizons maneuvered 2014 2014 2014 "The Last Thule"
(486958) 2014, which took place on January 1, 2019,
when it was 43.4 AU from the Sun. In August 2018,
NASA quoted Alice's results on New Horizons to
confirm the existence of a "hydrogen wall" at the outer
edges of the Solar System. This "wall" was first detected
in 1992 by the two spacecraft Voyager.

In August 1992, JPL scientist Robert Staehle
named Pluto discoverer Clyde Tombaugh asking for
permission to visit the planet. "I told him he was
welcome," Tombaugh later remembered, "though he
has to go on a long and cold journey." The appeal
eventually led to a series of proposed Pluto missions
that led to New Horizons.

Stomatios "Tom" Krimigis, head of the Division of
Applied Physics Laboratories, one of the most
participants in the New Frontiers program, formed the
New Horizons team with Alan Stern in December 2000.
As the main investigator of the project, Stern was
described by Krimigis as "personification of the Pluto
mission". New Horizons relies heavily on Stern Pluto
350's work and involves most of the team at Pluto
Kuiper Express. The proposal for the new horizons was
one of the five, which was officially presented to NASA.
Later, he was selected as one of the two finalists to
undergo a three-month conception study in June 2001.
The other finalist, Pluto and Outdoor Solar System
Explorer (POSSE), was a separate concept in Colorado
Boulder, led by lead researcher Larry W. Esposito,
supported by JPL, Lockheed Martin and the University
of California. However, APL, in addition to being
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supported by Pluto Kuiper Express developers at
Goddard Space Flight Center and Stanford University,
was a good one; have recently developed NEAR
Shoemaker for NASA, which successfully entered orbit
around 433 Eros earlier this year and later landed on the
asteroid for science and fanfare engineering.

In November 2001, New Horizons was officially
selected for funding as part of the New Frontiers
program. However, NASA's new administrator,
appointed by the Bush Administration, Sean O'Keefe,
did not support the New Horizons and in fact, canceled
it by not including it in NASA's 2003 budget. NASA,
Ed Weiler Sciences, led Stern to lobby for New
Horizons, hoping the mission would appear in the
Decadal Study of Planetary Sciences; a priority list of
wishes, developed by the United States National
Research Council, which reflects the views of the
scientific community.

New Horizons is the first mission of the New
Frontiers mission, larger and more expensive than
Discovery missions, but less than the Flagship program.
The cost of the mission (including spacecraft and
instrument development, vehicle launch, mission
operations, data analysis and education/public
information) is approximately $ 700 million over 15
years (2001-2016). Spacecraft was built primarily by the
Southwest Research Institute (SWRI) and Johns Hopkins
Applied Physics Laboratory. The Head of Mission is
Alan Stern of the South West Research Institute (former
NASA Associate Administrator).

After separation from the launch vehicle, general
control was performed by the Mission Operations Center
(MOC) at the Applied Physics Laboratory in Howard
County, Maryland. The scientific instruments are
operated at the Clyde Tombaugh Science Center (T-
SOC) in Boulder, Colorado. Navigation takes place in
different contractor facilities, while navigational
position data and Celestian reference frames are
provided by the Flagstaff Observatory via NASA and
JPL headquarters; KinetX is the leader of the New
Horizons navigation team and has the task of planning
route trajectories as the speed of the spacecraft extends
to the outer solar system. Coincidentally, Flagstaff's
ship observation station was the one where
photographic plates were taken to find the moon of
Pluto Charon and the Naval Observatory is not far from
Lowell Observatory, where Pluto was discovered.

New horizons were originally planned as a trip to the
only unexplored planet in the Solar System. At the
launch of the spacecraft, Pluto was still classified as a
planet reclassified by the International Astronomers
Union (IAU) as a dwarf planet. Some New Horizons
team members, including Alan Stern, disagree with the
IAU definition and still describe Pluto as the new planet.
The Pluto Nix and Hydra satellites also have a connection
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with the spacecraft: The first letters of their names (N and
H) are the initials of New Horizons. Monthly discoverers
chose these names for this reason, plus Nix and Hydra's
relationship with the mythological platoon.

In addition to scientific equipment, there are several
cultural artifacts that travel with the spacecraft. These
include a collection of 434,738 names stored on a
compact disc, a SpaceShipOne piece from Scaled
Composites, a USPS "Not yet explored" and a US flag
along with other reminders.

About 30 grams of ash by Clyde Tombaugh is on
board the commemoration of Pluto's discovery in 1930.
A Florida State Coin whose design commemorates
human exploration is officially included as a final
weight. One of the scientific packs (a dust counter) is
named after Venice Burney, who, as a child, suggested
the name "Pluto" after his discovery.

The aim of the mission is to understand the formation
of the plutonic system, the Kuiper belt and the
transformation of the early solar system. Spacecraft
collected data on Pluto's atmosphere, surfaces, interiors
and environments, as well as about its moons. He will
also study other Kuiper belt objects. "By comparison,
New Horizons gathered 5000 times more data about
Pluto that Mariner made at Red Planet."

Some of the questions the mission is trying to answer
are: What is Pluto's atmosphere and how does it behave?
How does his surface look like? Are there large
geological structures? How does solar wind particles
interact with Pluto's atmosphere?

Specifically, mission science objectives are:

The composition of Pluto and Charon's maps
Characterizes the geology and morphology of Pluto
and Charon, characterize Pluto's neutral atmosphere
and escape rate, look for an atmosphere around
Charon, map of surface temperatures on Pluto and
Charon, look for rings and additional satellites
around Pluto, conducts similar investigations of one
or more Kuiper belt objects

The space ship is comparable in size and shape to a
large piano and was compared to a piano locked in a
cocktail bar antenna. As a starting point, his team was
inspired by the space ship Ulysses, which also carried a
Radio-isotope Thermoelectric (RTG) and a ship on a
box-in-box structure through the external solar system.
Many subsystems and components have FLO mosaic in
the CONTOUR space vessel, which in turn has the
patrimony of the spacecraft APL TIMED.

The New Horizons body forms a triangle with a
thickness of nearly 0.76 m (2.5 ft). (The pioneers have
hexagonal bodies, while Voyagers, Galileo and Cassini-
Huygens have decorative and bare bodies.) An alloy tube
7075 forms the main structural column between the "6"
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11 step radio antenna, the titanium offers resistance and
thermal insulation, the rest of the triangle being mainly
aluminum sandwich panels (under 1/64 or 0.40 mm)
glued into an aluminum honeycomb structure larger than
the strictly necessary interior space. The structure is
designed to act as shielding, reducing electronic errors
caused by X-rays. Also, the mass distribution required
for a spacecraft requires a wider triangle.

The interior structure is painted in black to equalize the
temperature by radiant heat transfer. In general, spacecraft
are crowded to keep the heat. Unlike pioneers and
travelers, the radio mine is also enclosed in blankets that
extend to the body. The heat from the RTG adds heat to
the ship as it is in the outer solar system. While in the
internal solar system, spacecraft must prevent overheating,
electronic activity is limited, power is diverted to travel
with attached radiators and shutters are open to radiate
excess heat. While spacecraft move inactive in cold
outside the solar system, the shutters are closed and the
shunt regulator redirects energy to electric heaters.

The new horizons have both stabilization modes (cruise)
and three stabilized (scientific) axes, fully controlled by
monopropyl hydrazine. Due to an internal 77 kg (170 Ib)
tank, an extra plus of 290 m/s (1000 km/h, 650 mph) is
provided. The helium is used as a gasifier with an
elastomeric membrane that helps expel. Spacecraft
circulating in orbit, including fuel, are over 470kg (1,040 Ib)
on Jupiter, but it would have been just 445kg (9811b) for the
direct reserve option to Pluto. Significantly, if the backup
option was taken, this would have meant less fuel for
subsequent Kuiper band operations.

There are 16 holes on the new horizons: Four 4.4 N
(1.0 1bf) and twelve 0.9 N (0.2 Ibf) plumbed in redundant
branches. The larger ones are mainly used to correct the
paths and the smallest ones (previously used for Cassini
and Voyager) are mainly used for spin-spindown
maneuvers and spindown maneuvers. Two-star rooms
are used to measure the attitude of the spacecraft. They
are mounted on the ship's side and provide information
in 3 or 3 directions. Between starboard reading, the
orientation of the spacecraft is provided by redundant
inertial measurement units in miniature. Each unit
contains three solid gyroscopes and three accelerometers.
Two Adcole Sun sensors ensure the determination of
attitude. The angle is detected in the Sun, while the other
measures measure clock rotation and speed.

A radial radial radial radiator (X-ray radiator) extends
into a triangular plane on a triangle tip. RTG delivered
245.7 watts at launch and was estimated to fall by about
3.5 watts each year to 202 watts when it meets the
plutonic system in 2015 and will drop too much to power
the transmitters in 2030 There are no batteries at board
as an X-ray output is predictable and transient loads are
treated through a series of capacitors and short circuit
breakers. Starting in January 2019, the output power of
the RTG is about 190 W.
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RTG, the "GPHS-RTG" model, was originally a
reserve from the Cassini mission. RTG contains 9.75 kg
(21.5 1b) of plutonium oxide-238 pellets. Each pellet is
dressed in iridium, then wrapped in a graphite shell. It
was developed by the US Department of Energy. of the
Materials and Fuels Complex, part of the Idaho National
Laboratory. The original RTG project required 10.9
kilograms of plutonium, but a unit less powerful than the
original target was due to delays from the US
Department of Energy, including security activities that
delayed plutonium production. Mission parameters and
observation sequence had to be modified for reduced
power; however, not all instruments.

The amount of radioactive plutonium in RTG
represents about one-third of the amount of Cassini-
Huygens on board when it was launched in 1997. This
launch was protested by some of them. The US
Department of Energy has estimated the chance of a
launch accident that would release atmospheric radiation
to 1 in 350 and will monitor the launch, as is always the
case with the involvement of RTGs. It was estimated that
the worst-case scenario of on-board plutonium
dispersion would produce radiation equivalent to 80% of
the average annual radiation dose in North America over
a 105 km (65 m) radius.

The spacecraft transports two computer systems: The
data control and manipulation system and the control and
control processor. Each of the two systems is doubled
for redundancy, for a total of four computers. The
processor used for its flight computers is Mongoose-V,
a 12 MHz version with MIPS R3000 processor-
resistant radiation. Multiple redundant clocks and
synchronization routines are implemented in hardware
and software to prevent malfunctions and downtime.
For storage of heat and mass, spacecraft and electronic
tools are housed together in integrated electronic
modules (IEMs). There are two redundant IEMs.
Including other functions, such as instrument electronics
and radio, each IEM contains 9 panels. The probe
software runs on the Nucleus RTOS operating system.

There Were Two "Safe" Events that Sent the Ship
Safely

On March 19, 2007, the data manipulation and data
processing computer encountered a memory error that
could not be recovered and resumed, causing the
spacecraft to enter secure mode. The boat was
completely recovered in two days, with a loss of data
about Jupiter's magneto. No impact on the subsequent
mission was expected.

On July 4, 2015, a secure CPU event occurred due to
over-allocation of scientific operations commissioned on
Pluto craft. Fortunately, craft managed to recover in two
days without having a major impact on its mission.

Communication with the spacecraft is done via X
band. Boats had a communication rate of 38 kbit/s for
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Jupiter; at Pluto's distance, a transmission of about 1
kbit/s was expected. In addition to the low data rate,
Pluto's distance determines a latency of about 4.5 hours
(in a certain sense). 70-foot NASA Deep Space (DSN)
network levels are used to control the relays once they
are outside Jupiter. Spacecraft use modular transmitters
and modular receivers and circular polarization to the
right or left. The downlink signal is amplified by two
small 12 W (TWTA) gabion amplifiers mounted on the
antenna body. Receivers are new models with low
power. The system can be controlled to simultaneously
power both TWTAs and transmit a downward polarized
signal to the DSN that nearly doubles the downlink rate.
DSN tests at the beginning of the mission with this dual
polarization combining technique have been successful
and capability is now considered operational (when the
ship's power budget allows the use of both TWTAS).

In addition to the high gain antenna, there are two
low gain rescue antennas and a medium gain vessel.
High-quality food has a Cassegrain reflective design, a
composite structure of 2.1 m (7 ft), which provides a
gain of over 42 dBi and a power beam width of about a
certain degree. The average gain antenna with a 0.3-
meter diaphragm and a 10-degree beam width is
mounted on the rear side of the high-beam antenna's
secondary reflector. The low gain antenna is stacked
above the average gain antenna. The small gain hook
antenna is mounted in the launch adapter behind the
spacecraft. This antenna was used only for Earth's early
missions, immediately after launch and for emergencies,
if the spacecraft lost control of the attitude.

The new horizons recorded the data of the scientific
instrument to the solid memory buffer at each meeting,
then transmitted the data to Terra. The data is stored on
two low-power semiconductors (one primary, one
available) with a capacity of up to 8 gigabytes each.
Due to the extreme distance from Pluto and the Kuiper
belt, only a buffer load can be saved in those meetings.
This is due to the fact that the new horizons will take
about 16 months after they left the Pluto approach to
transmitting the buffer load.

Part of the reason for the delay between data
collection and transmission is that all New Horizons are
mounted on the body. For the cameras to record data, the
entire probe must return and the high-velocity beam of
the high gain antenna does not go to Earth. Previous
antennas, such as the Voyager probes, had a rotating tool
platform (a "scanning platform") that could measure
almost any angle without losing the radio contact with
the Earth. The new horizons have been mechanically
simplified to save weight, shorten the schedule and
improve reliability during its 15-year life.

The Voyager 2 scanning platform was blocked at
Saturn and the long-term exposure requirements on the
outer planets led to a change of plan so that the entire
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probe was rotated to take Uranus and Neptune, similar to
how the horizons rotate.

The new horizons have seven instruments: Three
optical instruments, two plasma instruments, a dust
sensor and a radio/radiometer receiver. The instruments
will be used to investigate global geology, surface
composition, surface temperature, atmospheric pressure,
atmospheric temperature and discharge rate of Pluto and
its moons. The nominal power is 21 watts, although not
all instruments work simultaneously. In addition, New
Horizons has an Ultrastable Oscillator subsystem that
can be used to study and test the Pioneer anomaly
towards the end of spacecraft life.

The Remote Recognition Detector (LORRI) is a focal
point for wavelengths with high and sensitive resolution.
The instrument is equipped with a pixel of 1024x1024
pixels, with a 12-bit per pixel monochrome CCD that
offers a resolution of 5 prad (~ 1 arc). The CCD is frozen
by a passive radiator on the ship's antisolar space. This
temperature difference requires isolation and isolation
from the rest of the structure. Ritchey-Chretien The
208.3 mm dosing structure and dosing structure are
made of silicon carbide to increase stiffness, reduce
weight and prevent deformation at low temperatures.
The optical elements are in a composite light shield and
are mounted with titanium and fiberglass for thermal
insulation. The total weight is 8.6 kg, the OTA tube
weighing about 5.6 kg (12Ib) for one of the largest
silicon-carbide telescopes flying at that time (now
overtaken by Herschel). For viewing on public sites, 12
bit per pixel LORRI images are converted to JPEG
images at 8 pixels per pixel. These public images do not
contain the full range of brightness information available
from raw LORRI image files.

Solar Wind Through Pluto (SWAP) is a toroidal
electrostatic analyzer and a potential delay analyzer
(RPA), one of the two instruments, including Plasma
New Horizons and a Speakometer High Peak, the other
being PEPSSI. SWAP measures particles of up to 6.5
keV and, due to the weak solar wind at Pluto's distance,
the instrument is designed with the largest opening of
any such instrument ever flown.

Particle Energy Spectrometer (PEPSSI) is a time
sensor for flight and electron ions, one of two
instruments that include PAM (New Horizons Plasma
Spectrometer), the other being SWAP. Unlike SWAP,
which measures particles up to 6.5 keV, PEPSSI
increases to 1 MeV.

Alice is an ultrasound imaging spectrometer, one of
two photographic tools, including the New Horizons Pluto
Exploration Remote Sensing Investigation (PERSI)
remote sensing; the other being the Ralph telescope.
Solves bands with a wavelength of 1024 in the last and
extreme ultraviolet (from 50-180 nm), over 32 viewing
fields. Its purpose is to determine the composition of
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Pluto's atmosphere. This Alice instrument is derived from
another Alice ship on ESA's Rosetta ship.

The 75-mm diaphragm Ralph telescope is one of the
two photographic tools that make up the New Horizons
Investigation (PERSI) and the other is the Alice tool.
Ralph has two separate channels: MVIC (Multispectral
Visible Imaging Camera), a visible CCD with wideband
and color channels; Spectral Ralph was named after
month Honey Alice designed by Alice.

The new horizons used LORRI to make Jupiter's first
photos on September 4, 2006, from a distance of 291
million kilometers. The more detailed exploration of the
system began in January 2007, with an infrared image of
Callisto, as well as several Jupiter black and white
images. New horizons received gravitational help from
Jupiter, with the closest approach at 05:43:40 UTC on
February 28, 2007, when it was 2.3 million kilometers
from Jupiter. Flight increased to New Horizons at 4 km/s
(14,000 km/h, 9,000 mph), accelerated the probe at a
speed of 23 km/s (83,000 km/h, 51,000 mph).

The flight was at the center of an intensive four-
month observation campaign that took place between
January and June. As a constantly changing scientific
target, Jupiter was intermittently observed at the end of
the Galileo mission in September 2003. The knowledge
of Jupiter benefited from the fact that New Horizons
was built using the latest technology, especially in the
field of cameras, representing a significance to the
improvement of Galileo's chambers, which were
modified versions of the Voyager chambers, which in
turn were modified by the Mariner chambers. Jupiter's
encounter also served as a rehearsal of shakedown and
clothing for the encounter with Pluto. Since Jupiter is
much closer to Earth than Pluto, the communication link
can transmit more memory storage tasks; therefore the
mission returned more data from the Jovian system than
it was expected to transmit from Pluto.

One of Jupiter's main objectives was to observe its
atmospheric conditions and to analyze the structure and
composition of its clouds. Heat losses induced by light in
polar regions and "waves" indicating violent storm
activity were observed and measured. The small red dot,
which covers up to 70% of the Earth's diameter, was
recorded almost for the first time. The various angles and
lighting conditions, New Horizons, have made detailed
images of Jupiter's free world and system, revealing the
remnants of recent clashes or other unexplained
phenomena. Looking for months undiscovered in the
rings did not work. Traveling through Jupiter's
magnetosphere, New Horizons gathers valuable particle
readings. Plasma "Bubble", which is believed to be
composed of the material ejected by moon lo, was
observed in the magnetotail.

Jupiter's four largest months were in weak positions
for observation; the necessary path of assistance for
gravity meant that the New Horizons passed millions of
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miles from any of the months of Galilee. However, its
tools were designed for small and small targets, so they
were scientifically useful for the long and distant
months. The emphasis was on the most intimate moon of
Jupiter, lo, whose active volcanoes give the Jupiter
magnetosphere tonal tones and beyond. Of the eleven
eruptions observed, three were seen for the first time.
Tvashtar has reached an altitude of up to 330 km. The
event gave scientists an unprecedented look at the
structure and movement of growing snow and its
subsequent fall to the surface. The infrared signals of 36
other volcanoes were observed. The Callisto surface was
analyzed using LEISA, illustrating how illumination and
visualization conditions affect surface readings. Minor
satellites, such as Amalthea, have improved orbital
solutions. The rooms have determined their positions,
acting as "reverse optical navigation".

After Jupiter passed, New Horizons spent most of
their journey to Pluto in hibernation mode: Redundant
components, as well as guidance and control systems,
were shut down to prolong the life cycle to reduce
operations cost and to release the Deep Space network for
other missions. During hibernation, the onboard computer
monitored the probe systems and sent a signal back to
Earth: A "green" code if everything worked as expected or
a "red" code if mission control assistance was needed. The
probe was activated for approximately two months a year
so that the instruments could be calibrated and the systems
checked. The first hibernation cycle started on 28 June
2007, the second cycle started on 16 December 2008, the
third cycle on 27 August 2009 and the fourth cycle on 29
August 2014, after a 10-week test.

New horizons passed into Saturn's orbit on June 8§,
2008 and on Uranus on March 18, 2011. After
astronomers announced a new month in Pluto, Kerberos
and Styx systems, mission planners began to
contemplate the possibility of unexpected old ships and
collisions. An 18-month study on computer simulations,
telescopic observations and occult observations based on
Pluto showed that the possibility of a catastrophic
collision with debris or dust was less than 0.3% during
probe planning. If the danger increases, New Horizons
could have used one of two possible emergency plans,
the so-called Safe Haven by Other Trajectories: The
probe could have continued on the current trajectory
with the input particle antenna, the systems would be
protected or could position the antenna to make a course
correction that would take it just 3,000 miles from Pluto,
where the atmospheric tract is expected to clean the
surrounding surface of any debris.

During hibernation in July 2012, New Horizons
began collecting scientific data with SWAP, PEPSSI and
VBSDC. Although initially only VBSDC was planned,
other tools were propelled by the initiative of principal
investigator Alan Stern, who decided to use the
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opportunity to collect valuable data about the
heliosphere. Prior to the activation of the other two tools,
ground tests were carried out to ensure that extensive
data collection at this phase of the mission would not
limit the amount of energy, memory and fuel available in
the future and that all systems operate during the flight.
The first set of data was submitted in January 2013
during a three week hibernation activation. The data
control and data processing software has been updated to
resolve the issue of restarting your computer.

Other possible targets were Trojans from Neptune.
The trajectory of the probe to Pluto passed Lagrange
Point ("L5"), which can accommodate hundreds of
resonant resemblances of 1: 1. At the end of 2013, New
Horizons were in the 1.2 UA range (180,000,000 km,
110,000,000 mi) L5 Neptune 2011 HM102, identified
shortly before the New Horizons KBO Search research
team while searching for more distant objects for New
Horizons after Pluto's 2015 meeting. This range, HM102
2011, would have been brilliant enough to be detectable
by the New Horizons LORRI tool; however, the New
Horizons team eventually decided that it would not
target HM102 for comments, as preparations for Pluto's
approach had priority.

The LORRI images from July 1 to July 3, 2013 were
the first probes to solve Pluto and Charon as separate
objects. On July 14, 2014, mission controllers launched a
sixth trajectory (TCM) to allow the ship to reach Pluto.
Between 19 and 24 July 2014, LORRI of New Horizons
broke 12 Charon images, circulating around Pluto,
covering a total rotation of 429 to 422 million kilometers
(267,000,000 to 262,000,000). In August 2014,
astronomers carried out high precision measurements of
Pluto's position and orbit around the Sun using the
Atalcama Large Millimeter/Submillimeter  Array
(ALMA) arc to help NASA New Horizons navigate
Pluto accurately. On December 6, 2014, mission
controllers sent a signal to the ship to "wake up" from
the final hibernation to Pluto's approach and began
regular operations. The ship's response to "awake"
arrived on Earth on December 7, 2014 at 14:30 UTC.

Pluto's remote operations began on January 4, 2015.
At this point, targets on the LORRI plus Ralph telescope
are just a few pixels. Investigators have begun to take
Pluto's background images to assist mission navigators
in designing engine correction maneuvers that would
accurately change the New Horizons trajectory to target
the approach. On January 15, 2015, NASA presented a
brief update of the approach and departure phases.

On February 12, 2015, NASA released new Pluto
images (January 25 - January 31) from the nearby probe.
The new horizons were more than 203 million
kilometers away from Pluto when they began taking
pictures, which he showed to Pluto and the tallest month,
Charon. The exposure time was too short to observe the
smaller, much weaker, months of Pluto.
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Investigators took a series of photos from the Nix and
Hydra months between January 27 and February 8, 2015,
starting at a distance of 201 million kilometers (125
million kilometers). Pluto and Charon appear as a single
overexposed object in the center. The correct image was
processed to remove the background. The smallest two
months, Kerberos and Styx, were seen on photos taken
on April 25th. Starting May 11, a search for dangers was
carried out, searching for unknown objects that could
pose a threat to space ships, such as rings or moons, to
avoid changing the course.

Also, as far as the January 2015 approach is
concerned, the team has announced that it will spend
time trying out long-distance observations of the Kuiper
belt object, temporarily called VNH0004 (now called
KWw48 2011). 75 gigameters (0.50 UA). The object
would be too distant to solve surface characteristics or to
take spectroscopy, but it could make observations that
can not be made from Earth, namely a phase curve and a
search for small satellites. A second object was planned
to be respected in June 2015 and the third in September
after the flight; the team hoped to observe a dozen of
such objects by 2018. On April 15, 2015, Pluto was
recorded with a possible polar head.

The new horizons have passed 12,500 km from Pluto,
this approach being the closest on July 14, 2015, at 11:50
UTC. The new horizons had a relative speed of 13.78
km/s (49,600 km/h, 30,800 mph) at the closest approach
and reached Charon at 28,800 km (17,900 mi). Starting
3.2 days before the closest approach, long-range imaging
included the mapping of Pluto and Charon at a resolution
of 40 km (25 mi). This is half the rotation period of the
Pluto-Charon system and allows the image of all sides of
both bodies. Approximately twenty days were repeated
images of proximity to looking for surface changes
caused by the fall of localized snow or surface
cryovolcanism. Because of Pluto's inclination, some of
the northern hemispheres would always be in the shadows.
During the meeting, engineers expected LORRI to get
selected images with a resolution of up to 50 m/pixel if the
nearest distance was 12,500 km and the MVIC would
have a resolution of 1.6 kilometers. LORRI and MVIC
have tried to overlap these areas to form stereo pairs.
LEISA has obtained infrared hyperspectral maps at a
distance of 7 km/px (4.3 mi/px) globally and 0.6 km/px
(0.37 mi/px) for the selected areas.

Meanwhile, Alice characterized the atmosphere, both
by atmospheric emissions and diminishing backgrounds,
while behind Pluton (occult). During and after the
closest approach, SWAP and PEPSSI analyzed the high
atmosphere and its effects on solar wind. VBSDC
searched for dust, lowering meteoroid collision rates and
any invisible rings. REX has made active and passive
radio science. Earth Antenna measured the
disappearance and reappearance of the radiant signal as
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the probe flew behind Pluto. The results solved the Pluto
diameter (by synchronization) and its density and
atmospheric composition (by its slimming and curing
model). (Alice can perform similar occlusions using
sunlight instead of radio beacons.) Previous missions
have transmitted the spacecraft via the Earth
("downlink"). The distribution of masses and masses in
Pluto was assessed by the spacecraft gravity tug. As the
spacecraft accelerates and slows down, the radio signal
has shown a Doppler shift. Doppler modulation was
measured by comparison to the ultrastable oscillator in
communications electronics.

It is also used for sophisticated reconnaissance
missions whose objective is to link the study of several
planets or moons (Voyager probes, Fig. 4). Finally, it
may be the only way to study minor objects - comets and
asteroids - whose relative speed is too great to allow go
into orbit (Stardust mission).

The Voyager program is an American science
program that uses two robotic probes, Voyager 1 and
Voyager 2, to study the outdoor solar system. The probes
were launched in 1977 to take advantage of a favorable
alignment of Jupiter, Saturn, Uranus and Neptune.
Although their initial mission was to study only the
planetary systems of the planets Jupiter and Saturn,
Voyager 2 continued with Uranus and Neptune.
Voyagers are now exploring the outer boundary of the
heliosphere in interstellar space; their mission has been
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extended three times and continues to provide useful
scientific data. Neither Uranus nor Neptune was visited
by a bell, but by Voyager 2.

On August 25, 2012, Voyager 1 data indicated that it
became the first human object to enter interstellar space,
traveling "more than anyone or anything else in history."
Starting in 2013, Voyager 1 moved to the Sun at a speed
of 17 kilometers per second (11 mi/s).

On November 5, 2018, data from Voyager 2
indicated that it also entered interstellar space.

Data and photographs made by cameras,
magnetometers and other Voyager tools revealed
unknown details about each of the four giant planets and
their moons. The images of the nearby spacecraft were
complex forms of clouds, winds and storms of Jupiter
and discovered a volcanic activity per month. Saturn's
rings have been discovered to have enigmatic spaces,
scratches and peaks and have been accompanied by
countless "straps." At Uranus, Voyager 2 discovered a
substantial magnetic field around the planet and another
ten months. His field in Neptune discovered three rings
and six months previously unknown, a complex and
widespread magnetic field. Voyager 2 is the only
spacecraft to visit the two ice giants. In August 2018,
NASA confirmed, based on the results of the spacecraft
New Horizons, a "hydrogen wall" at the outer edge of
the solar system, first detected in 1992 by the two
spacecraft Voyager.
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Voyager Spacecraft was built at South California's Jet
Propulsion Laboratory and funded by Cape Canaveral,
funded by NASA, Florida, following all the other wells.

The initial cost of the program was $ 865 million and
the initial cost of the Voyager Interstellar program cost
an extra § 30 million.

The two Voyager probes were originally designed as
part of the Mariner program and were originally called
Mariner 11 and Mariner 12. They were then moved to a
separate program called "Mariner Jupiter-Saturn",
renamed the Voyager Program by Design Thinking Two
Ship have progressed much more than the Mariner
family to deserve a separate name.

The Voyager program was similar to that of the
Grand Planet tournament planned in the late 1960s and
early 1970s. The Grand Tour will take advantage of the
alignment of the exterior plans discovered by Gary
Flandro, an aerospace engineer at the Jet Propulsion
Laboratory. This 175-year alignment will take place in
the late 1970s and will make it possible to use
gravitational assistance to explore Jupiter, Saturn,
Uranus, Neptune and Pluto. The planet's big tournament
was to send more pairs of probes to fly on all outer
planets (including Pluto, then considered a planet) on
different trajectories, including Jupiter-Saturn-Pluto and
Jupiter-Uranus-Neptune. Limited funding has completed
the Grand Tour program, but they have been included in
the Voyager program, which has met many of the Grand
Tour's flight objectives, except for a visit to Pluto.

Voyager 2 was the first to release. Its trajectory was
designed to allow Jupiter, Saturn, Uranus and Neptune
flights. The Voyager 1 was launched after the Voyager 2
but on a shorter and faster trajectory designed to provide
the optimal Saturn navigation, Titan, known to be quite
large and possess a dense atmosphere. This meeting sent
Voyager 1 out of the ecliptic plane, ending his planetary
scientific mission. If Voyager 1 could not fly to Titan,
the Voyager 2 trajectory could have been modified to
explore Titan by giving up any visit to Uranus and
Neptune. Voyager 1 was not launched on a trajectory
that would allow them to continue on to Uranus and
Neptune but could have gone from Saturn to Pluton
without exploring Titan.

In the 1990s, Voyager 1 passed the slowest spacecraft
Pioneer 10 and Pioneer 11 to become the farthest human
object on earth, a record that will keep it in the near
future. The New Horizons probe, which had a higher
launch speed than Voyager 1, travels slower with the
Voyager 1 supplement from Jupiter and Saturn. Voyager
1 and Pioneer 10 are the most often separate human
objects from anywhere moving in opposite directions to
the solar system.

In December 2004, Voyager | experienced the final
shock, where the solar wind slowed to subsonic speed
and entered the heliosheath where the solar wind is
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compressed and turbulent due to interactions with the
interstellar environment. On Dec. 10, 2007, Voyager 2
also reached the termination shock, about 1 billion miles
closer to the Sun than the one in which the first Voyager
1 passed, indicating that the solar system is asymmetric.

In 2010, Voyager 1 reported that the outside speed of
the solar wind has fallen to zero and scientists have
predicted that it is approaching interstellar space. In
2011, Voyager data found that the heliosheath is not
smooth but filled with huge magnetic bubbles, theorized
to form when the Sun's magnetic field becomes
deformed to the edge of the solar system.

On June 15, 2012, NASA scientists reported that
Voyager 1 was very close to entering the interstellar
space, indicated by a sharp increase in high energy
particles outside the solar system. In September 2013,
NASA announced that Voyager 1 crossed the heliopause
on August 25, 2012, becoming the first spacecraft to
enter the interstellar space.

In December 2018, NASA announced that Voyager 2
crossed the heliopause on November 5, 2018, becoming
the second spacecraft to enter interstellar space.

Starting in 2017, Voyager 1 and Voyager 2 continue
to monitor the external conditions of the solar system. It
is assumed that the spacecraft Voyager will be able to
operate scientific instruments by 2020 when a limited
power will require disarmament tools one by one.
Sometime, around 2025, there will be little power to
operate any scientific instrument.

Voyager spacecraft each weigh 773 pounds (1,704
pounds). Of this total weight, each spacecraft transported
105 kilograms (231 kilograms) of scientific instruments.
The same spacecraft uses three-axis stabilized guidance
systems using gyro and accelerometer inputs for their
attitude control computers to straighten terrestrial
antennas and their scientific instruments to their targets,
sometimes with the help of a small mobile platform and
digital systems digital.

The diagram shows the High-heeled Antenna (HGA)
with a 3.7 m (12 ft) diameter vessel attached to the
empty decanter. There is also a spherical reservoir
containing hydrazine propellant monohydrate.

The Gold Voyager record is attached to one of the
sides of the bus. Square-square to the right is the optical
calibration target and the excessive heat radiator. The
three radioisotope thermoelectric generators (RTGs) are
mounted at the end of the lower arm.

The  scanning platform  Includes  Infrared
Interferometer (IRIS) spectrometer (upper chamber);
Ultraviolet (UVS) just above IRIS; the two Vidicon
video cameras (ISS); and the Photopolarimeter System
(PPS) within the ISS.

Only five investigative teams are still accepted,
although data is collected for two additional tools. The
Data Flight Subsystem (FDS) and a single digital device
(DTR) offer data processing functions.
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FDS configures each instrument and controls the
operations of the instrument. It also collects engineering
and science data and forms data for transmission. DTR is
used to record a High-Speed Waveguide (PWS)
subsystem. The data are presented every six months.

The Imaging Science Subsystem made up of a wide
angle and a narrow-angle device, is a modified version
of the Vidicon slow scanning models that were used in
previous Mariner flights. The Imaging Science
Subsystem consists of two television cameras, each with
eight filters in a commendable filter wheel mounted in
front of the vidicon. One has a small lens size of 200 mm
wide (7.9 inches) with an /3 (wide angle) lens, while the
other uses a resolution of more than 1500 mm with
f/narrow-angle camera).

Voyager's primary mission was completed in 1989
with Neptune's close flight by Voyager 2. The Voyager
Interstellar (VIM) mission is a prolongation of the
mission that began when the two ships disappeared for
over 12 years. The Heliophysics Division of the
Heliophysics Division made a top magazine for
heliophysics in 2008. The group found that VIM "is an
absolutely imperative mission to continue" and that VIM
funding is approaching the optimal level and increase in
the number of DSNs. "

The main objective of the VIM is to extend the
exploration of the solar system beyond the outer planets
to the outer boundary and, if possible, even beyond it.
Voyagers continue to search for the limit of the
heliopause, which is the outer limit of the Sun's magnetic
field. Passing through the limit of heliopause will allow
the spacecraft to measure interstellar fields, particles and
waves that are not affected by the solar wind.

The entire Voyager 2 scan platform, including all
platforms, was shut down in 1998. All tools on the
Voyager 1 platform, except the Ultrasound (UVS)
spectrometer, were also closed.

The Voyager 1 scanning platform was scheduled to
take off at the end of 2000 but was left to investigate the
UV emission from the wind. UVS data is still captured,
but scans are no longer possible.

Gyro activities were completed in 2016 for Voyager
2 and 2017 for Voyager 1. Gyro operations are used to
rotate the 360-degree probe six times a year to measure
the magnetic field of the spacecraft, which is then
removed from the science of the magnetometer.

The two spacecraft continue to operate, with some
losses in subsystem redundancy, but retain the ability to
return scientific data from the completion of the Voyager
Mission Mission Interstellar (VIM) mission.

Both ships also have adequate power and propulsion
control to continue to operate until around 2025, after
which there can be no electricity to support the
functioning of scientific instruments; the return of
scientific data and the operations of spacecraft will cease.
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At the beginning of VIM, Voyager 1 was 40 AA
from Earth, while Voyager 2 was at 31 AU. VIM has
three phases: Final shock, heliosheath exploration,
interstellar exploration phase. Spacecraft launched
VIM in a medium controlled by the Sun's magnetic
field, the plasma particles being dominated by the
supersonic wind. This is the characteristic of the final
shock phase. At a certain distance from the Sun, the
supersonic solar wind will be prevented by the later
expansion of the interstellar wind. The first feature
encountered by a spacecraft as a result of this
interstellar solar-solar interaction was the final shock
if the solar wind slowed to subsonic speed and there
were large changes in the direction of plasma flux and
magnetic field orientation.

Voyager 1 finished the last shock phase in December
2004 at a distance of 94 AU, while Voyager 2 finished in
August 2007 at a distance of 84 AU. After entering the
heliosheath, the spacecraft is in an area dominated by the
Sun's magnetic field and solar wind particles. After
crossing the heliosheath, the two voyagers will begin the
interstellar exploration phase. The outer limit of
heliosheath is called heliopause, where the spacecraft is
now. This is the region where the influence of the Sun
begins to decrease and the interstellar space can be
detected. Voyager 1 escapes from the solar system at a
rate of 3.6 AU per year, 35 degrees north of the ecliptic
in the general direction of the Hercule peak, while the
Voyager 2 is about 3.3 AU per year at 48 degrees south
of the ecliptic. The Voyager of the ship will eventually
get to the stars. In about 40,000 years, Voyager 1 will
be below 1.6 light (LY) of AC + 79 3888, also known
as the Gliese 445, which is approaching the sun. At
40,000 years, the Voyager 2 will be within 1.7 liters of
Ross 248 (another star approaching the sun) and in
296,000 years will pass into 4.6 liters of Sirius, the
brightest star of the night sky.

An orbiter is a space probe that, having transited to
its goal, orbits around the celestial body to be studied.
This is the second major category of space probes with
those overflights. To be able to go into orbit, the
spacecraft must greatly reduce its speed when it arrives
close to its objective. The propellants used for this
braking operation can represent a significant fraction of
the total weight of the vehicle (typically around 50% for
Mars). The orbiter allows regular observations of almost
the entire surface of the celestial body for several years.
The orbiter is the step that logically follows the sending
of a probe performing a simple overflight. The orbit of
the space probe is chosen according to the objectives
pursued but also to mass constraints. Missions with a
constrained budget like Mars Express will choose a less
efficient but less expensive elliptical orbit propellant
than a low circular orbit retained for the majority of
NASA's Martian orbiters.
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An atmospheric probe is a space probe that crosses
the atmosphere of a planet to study it. Its mission is
relatively brief since it usually lasts the time of its
descent (not propelled) to the ground. During this phase,
it only needs a limited amount of energy, so it pulls
batteries. The atmospheric probe is usually transported
to the planet explored by a mother ship. The planet
Venus has been studied in particular by this method
with the series of Soviet probes of the Venera program.
Other notable atmospheric probes are Huygens who
studied the atmosphere of Titan, the atmospheric probe
of Galileo that plunged into the upper layers of the
giant gas planet Jupiter. The very thick atmosphere of
Venus allowed the implementation of the balloons of
the program Vega Soviet which could transmit data for
several tens of hours.

An undercarriage is a type of spacecraft designed to
survive the landing on the ground of a planet or moon
and then collect with its scientific instruments data on
the surface that is transmitted to the Earth directly or
indirectly (via another spacecraft in orbit). The Moon
and the Mars planet have been particularly explored by
spacecraft of this type with for example the probes of the
Surveyor program the two probes of the Viking program
or the Phoenix lander. The soft landing is the main
difficulty faced by designers of this type of gear. The use
of a parachute, implemented for example by Huygens on
Titan, requires the presence of a sufficiently thick
atmosphere and is therefore not suitable for Mars.
Reduced mass and cost compared to other methods, the
parachute does not allow a completely controlled landing.

To land on celestial bodies devoid of atmosphere, it
is necessary to resort to rocket engines which gradually
reduce the speed of the spacecraft. These, however,
require the carriage of a large amount of fuel. For Mars,
NASA has developed special landing techniques: The
airbags first implemented by Mars Pathfinder and a
highly sophisticated one-stage ground-level landing
system, implemented as a "flying crane". 2012 by Mars
Science Laboratory probe.

An astro-mobile or rover after landing on the ground
of a celestial body moves to carry out studies in situ in
different points of scientific interest. It can carry real
small laboratories to analyze collected samples like Mars
Science Laboratory. Its energy can be produced by solar
panels or RTGs. It is remote controlled if the distance is
not too important (Moon).

On the other hand, the distance is too important for
the Martian rovers and they have a certain autonomy for
their displacements which relies on programs of analysis
of the ground. The movements on a day do not exceed a
hundred meters.

A sample return mission is to bring samples of
another celestial body - planet, comet, the asteroid - or
interplanetary or interstellar particles back to Earth for
analysis.
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Compared to an on-site study by robot instruments
like the Curiosity Martian rover, returning a soil sample
to Earth allows much more accurate analysis,
manipulation of the sample and to modify the
experimental conditions as the progress of technology
and knowledge progresses.

This type of mission involves major difficulties: It is
necessary, depending on the target, to capture particles
traveling at several km/s, to make an automatic landing
on a body practically devoid of gravity or, on the
contrary, to be able to land and take off again from a
well of serious gravity and in all cases, return to the
Earth's atmosphere at high speed and with great
precision. The return to Earth of Martian soil samples,
which in 2016 is one of the most important objectives for
the study of the solar system, has still not been realized
for both financial and technological reasons.

An indenter is a small spacecraft designed to penetrate
the ground of a celestial body (planet, moon, asteroid or
comet) at high speed undergoing a deceleration of several
hundred grams. The information gathered by onboard
scientific instruments is traditionally transmitted by a
small transmitter to the orbiting parent ship which in turn
transmits it to stations on Earth.

The concept of the indenter makes it possible to avoid
the carrying of parachutes and rockets necessary for a soft
landing and thus to lighten the mass of the undercarriage
considerably. But it must be able to withstand the impact
which in turn creates many constraints on its mass, its
structure and the design of its payload.

Several penetrator projects have not gone beyond the
study phase and, in 2013, only two missions have
implemented penetrators with no results due to the loss of
motherships: Two Deep Space 2 penetrators were onboard
Mars Polar Lander and two others on board March 96.

A telecommunications satellite responsible for
relaying communications between the surface of a
celestial body where there is a lander or a rover and the
Earth. These devices have until now always been orbits
having their own scientific goals such as the 2001 Mars
Odyssey or Mars Reconnaissance Orbiter. Some space
probes fall into several categories such as Viking probes
that have both landing gear and an orbiter.

A technological demonstrator is a spacecraft whose
objective is to validate a new technique. For example,
Deep Space 1 whose main objective was to validate the
use of ion propulsion for interplanetary missions.

To operate a space probe needs to have energy
permanently.

The recently developed machines must have an
electrical power between 300 and 2500 watts to power
onboard computers, radio transceiver, motors,
scientific instruments, radiators and much other
equipment. There are only three possible sources of
energy for an interplanetary spacecraft: Solar panels,
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RTGs only solutions for external planets too far from
the Sun and batteries.

These can be a source of energy charged before
launch or be used as a temporary energy storage
system produced by solar panels to cope for example
periods of an eclipse.

Solar panels consist of a set of photovoltaic cells that
each transform solar energy by photoelectric effect into a
continuous electric current. Each solar cell consists of a
semiconductor material connected with electrical
connections. Several types of materials can be used such
as silicon or GaAs more efficient but more expensive.
The most efficient cells consist of several very thin
layers of semiconductor materials, each capable of
converting a large part of the spectrum of solar energy,
which makes it possible to achieve, in combination with
other devices, a 47% (47% of the Sun's energy is
converted into electrical current). The solar cell yield of
the early 1960s satellites was 6%.

By connecting the solar cells in series (the positive
pole of one cell is connected to the negative pole of
another cell) the voltage of the product current is
increased, while connecting them in parallel (all the
positive poles are connected together and all the negative
poles are connected together) the intensity of the current
is increased. The solar panel serves as physical support
for the solar cells, has the electrical circuits connecting
the cells together and keeps the cells in an acceptable
temperature range. Several solar panels can be connected
together to form a "wing".

Generally, solar panels are articulated and their
orientation can be changed with one or two degrees of
freedom. Generally, by constantly changing the
inclination of the solar panels, it is sought to obtain as
the case the maximum energy if we make sure that the
sun's rays strike perpendicular to the panel. But this
facility can also be used to reduce the angle of incidence
of the solar rays in order to limit the rise in temperature
or to adapt the production of current to a weaker demand
(the electrical energy produced decreases like the cosine
of the angle incidence of solar rays). On a spinned probe,
the solar panels line the body of cylindrical shape and
the half is in the shade while the majority of the cells do
not receive the Sun under an optimum angle.

At the Earth's orbit, the theoretically available
electrical energy is 1,371 W/m” of which 50% can be
converted into electrical energy with the most advanced
solar cells. Abundant at the level of the inner planets, the
quantity of energy available is inversely proportional to
the square of the distance to the Sun.

Thus a probe like Juno sent into orbit around Jupiter
five times farther from the Sun than Earth receives 25
(5%5) times less solar energy than at Earth. NASA has
nevertheless chosen to equip this probe with solar panels
that thanks to their surface (45 m? of solar cells) and
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their advanced technology manage under these
conditions to provide 428 watts (and 15 kW at the
Earth's orbit). But at this distance from the Sun, the use
of RTG is more frequent.

The performance of solar panels of a space probe
degrades under the action of several phenomena. The
energy received by the solar panel that is not
converted into electrical energy is partly reflected and
partly converted into heat which increases the
temperature of the cells. When its temperature
increases the solar cell produces a current of higher
voltage but the amperage decreases as well as the
power produced (W =V x I). This decrease in overall
performance is 1% per degree Celsius for silicon cells
and 0.5% for cells in GaAs. Moreover, a few hundred
hours after its deployment, the performance of a solar
panel decreases by 1% due to the chemical changes
generated by the light. Finally, the factor that
produces the most damage is the action of energy
particles produced by the solar wind or solar storms
that progressively damage the crystalline structure.
Thus the solar panels of the Magellan probe, placed in
orbit around Venus, lost two-thirds of their capacity
during their operational life.

This progressive degradation is taken into account in
the design of the solar panels at the time of the design of
the space probe.

When the solar energy becomes too weak because of
the distance of the Sun one or more thermoelectric
generator with radioisotope replaces the solar panels for
the production of electricity. This electric generator
produces electricity from the heat released by the
radioactive decay of materials rich in one or more
radioisotopes, usually plutonium 238 in the form of
plutonium dioxide 238PuO2. The heat is converted into
electricity via thermocouples.

The energy efficiency is reduced: Less than 10% of
the heat produced is converted into electricity and the
rest must be evacuated by radiators. To improve this
performance, current research is moving towards thermo
in toroidal converters and Stirling radioisotope
generators, which could multiply the overall efficiency
by four but would impose moving mechanical parts that
can become blocked over time. The thermoelectric
radioisotope generator is particularly well suited to
producing a stable power supply, over a long time
required for the instruments embedded in the
interplanetary probes. Thus, the generator on the New
Horizons probe is able to provide a stable power supply
0of 200 W over more than 50 years.

However, the presence of plutonium 238 in a
machine likely to be the victim of a launcher failure,
raises strong fears in part of the public opinion despite
protective devices (shielding) which have proved in
practice effective.
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Fig. 5: Cassini

Space probes launched to Jupiter or beyond such as
Voyager 1, Cassini (Fig. 5) or New Horizons use
thermoelectric radioisotope generators for their power
supply.

The Cassini-Huygens mission, commonly referred to
as Cassini, was a collaboration between NASA, the
European Space Agency (ESA) and the Italian Space
Agency (ASI) to send a test to study the planet Saturn
and its satellite system. The oldest robotic spacecraft
includes both NASA's Cassini probe and ESA's Huygens
soil, which landed Titan's biggest month. Cassini was the
fourth space probe to visit Saturn and the first to enter
his orbit. Botites were named by astronomers Giovanni
Cassini and Christiaan Huygens.

Launched on a Titan IVB/Centaur on October 15,
1997, Cassini has been active in space for nearly 20
years, 13 years in orbit on Saturn, studying the planet
and its system after it enters orbit on July 1, 2004 (Trip
to Saturn Venus flights, April 1998 and July 1999, Earth
August 1999, asteroid 2685 Masursky and Jupiter
December 2000). His mission ended on September 15,
2017, when Cassini's trajectory led to Saturn's upper
atmosphere and burned to prevent any risk of Saturn's
contamination, which could have provided living
environments to terrestrial microbes on the space ship.
The mission is widely perceived as successful beyond
expectations. Cassini-Huygens was described by
NASA's planetary scientist as a "rewarding mission" that
revolutionized Saturn's human understanding, including
its moons and rings, as well as our understanding of the
place where life is in the solar system.

Cassini's initial mission was scheduled to last for four
years, from June 2004 to May 2008. The mission was
extended for two more years until September 2010,
marking the Cassini Equinox mission. The mission was
expanded for the second time and last time for the
Cassini Solstice mission, which lasted seven years until

319

September 15, 2017, when Cassini was willing to burn
into Saturn's upper atmosphere.

The Huygens module traveled with Cassini until its
probe was disconnected on December 25, 2004; was
landed on Titan on January 14, 2005. He returned the
data to Terra for about 90 minutes, using the relay as a
relay. This was the first landing ever made in the outer
solar system and the first landing in a month other than
the Earth's Moon.

At the end of his mission, the Cassini crew executed
the "Great Finale" of his mission: A series of risky passes
through Saturn's gap with Saturn's inner rings. The
purpose of this phase was to maximize Cassini's scientific
results prior to the destruction of the spacecraft. Cassini's
atmospheric inputs ended the mission, but the return of the
data returned will continue for many years.

Teams from 28 countries formed the joint team
responsible for designing, building, flying and collecting
data from Cassini and Huygens.

The mission was managed by the NASA Jet
Propulsion Laboratory in the United States where the orbit
was assembled. Huygens was developed by the European
Center for Space Research and Technology. The main
contractor of the Aérospatiale Center in France (now Thales
Alenia Space) has assembled the probe with equipment and
instruments provided by many FEuropean countries
(Huygens batteries and two US scientific instruments). The
Italian Space Agency (ASI) has provided a Cassini orbiter
radio antenna with the incorporation of a low gain antenna
(to provide Earth telecoms during the mission), a compact
and easy radar, using radar antenna synchronization, radar
altimeter, RSS radio subsystem) in the VIMS-V channel of
the VIMS spectrometer.

The VIMS infrared counterpart was provided by
both NASA and the Main Electronic Assembly, which
includes electronic subassemblies provided by CNES
in France.
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On April 16, 2008, NASA announced a two-year
extension of ground operations for this mission when it
renamed the Cassini Equinox mission. The funding
round was once again expanded in February 2010 with
the Cassini Solstice Mission.

Cassini had several goals, including:

Determination of the three-dimensional structure
and dynamic behavior of the Saturn rings
Determining the composition of the satellite surfaces
and the geological history of each object
Determining the nature and origin of dark matter in
the Iapetus hemisphere

Measurement of the three-dimensional structure and
dynamic behavior of the magnetosphere
Studying the dynamic behavior
atmosphere at cloud level

Studying the time variability in the clouds and
dangers of Titan

Characterization of the Titan surface on a regional
scale

of Saturn's

Cassini-Huygens was launched on October 15, 1997,
from the Cape Canaveral Space Force spacecraft, using
the US Air Force Titan IVB/Centaur aerial force. The
complete launch consisted of a Titan IV two-speed
rocket, two solid rocket engines on the belt, the Centaur
support gear and a useful shield or a useful shield.

The total cost of this exploration mission was about $
3.26 billion, including $ 1.4 billion for development
before launch, $ 704 million for mission operations, $ 54
million for tracking and $ 422 million for vehicles that
start. The United States has contributed $ 2.6 billion
(80%), $ 500 million (15%) and $ 160 million (5%).
However, these figures come from the press kit drafted
in October 2000. They do not include inflation during a
very long mission and do not include the cost of
extensive missions.

Cassini's primary mission was completed on July 30,
2008. The mission was extended until June 2010
(Cassini Equinox Mission). This has studied the Saturn
system in detail during the planet's equinox, which
happened in August 2009.

On February 3, 2010, NASA announced a new
extension for Cassini, which lasted six and a half until
2017, ending Cassini solo solo solo Cassini in summer.
The extension allowed another 155 revolutions around
the planet, 54 Titan flights and 11 flights from
Enceladus. In 2017, a meeting with Titan changed the
orbit so close to Saturn that it was just 3,000 miles above
the planet's clouds below the inner edge of the ring D.
This sequence of "proximal orbits" ended when the last
encounter with Titan Saturn sent the atmosphere to the
probe to be destroyed.
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The origins of Cassini-Huygens date back to 1982,
when the European Foundation for Science and the
American Academy of Sciences formed a working group
to investigate future co-operation missions. Two
European scientists have suggested that a pair of Saturn
Orbiter and Titan Probe could be a possible joint
mission. In 1983, the NASA Solar System Exploration
Committee recommended the same pair of Orbiter and
Probe probes as a basic NASA project. NASA and the
European Space Agency (ESA) conducted a joint study
of the potential mission from 1984 to 1985. ESA
continued its own study in 1986, while American
astronomer Sally Ride, in his influential report of 1987,
led the future NASA US Cassini mission.

While Ride's report described Saturn's orbit and
probe as a NASA solo mission, the Len Fisk associate
space administrator reverted to the idea of a joint NASA
and ESA mission in 1988. He wrote to ESA counterpart
Roger Bonnet, strongly suggesting that ESA chose
Cassini's mission from the three candidates at hand and
promises that NASA will engage in a mission as soon as
ESA has done so.

At that time, NASA became more sensitive to the
strain that emerged between US and European space
programs as a result of European perceptions that NASA
did not treat it as equality during previous collaborations.
The NASA authorities and advisers involved in the
promotion and planning of Cassini-Huygens attempted
to correct this trend, highlighting the desire to equally
share the scientific and technological benefits of the
mission. In part, this new spirit of co-operation with
Europe was driven by a sense of competition with the
Soviet Union, which began to cooperate more closely
with Europe, while ESA withdrew from NASA. In
1988, ESA chose Cassini-Huygens as the next major
mission and in the following year, the program received
major funding in the US.

Collaboration not only improved the relationship
between the two space programs but also helped Cassini-
Huygens survive the US Congress budget cuts. Cassini-
Huygens fired in 1992 and 1994, but NASA convinced the
US Congress that it would not be wise to stop the project
after ESA had already poured funds into development
because frustration with space exploration promised that
breaks could become relationship areas external. The
project has continued to be politically problematic since
1994, although groups of citizens concerned about the
potential environmental impact have tried to derail it
through protests and trials until its launch in 1997.

The ship was planned to be the 2nd Marine II,
stabilized with three axes, equipped with RTG, a class
of spacecraft developed for missions beyond the orbit
of Mars. Cassini was developed simultaneously with
Comet Rendezvous Asteroid Flyby (CRAF), but budget
cuts and reorganization projects forced NASA to stop
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CRAF development to save Cassini. As a result,
Cassini became more specialized. The Mariner Mark 11
series has been canceled.

The Orbiter and the combined probe are the third of
the largest unmanned spacecraft, interplanetary,
successfully launched behind Phobos 1 and 2 Mars,
among the most complex. The Orbiter had a 2150 kg
(4740 1b) mass, a 350 kg (770 Ib) probe. With a launch
engine of 3132 kg (6905 1b) and propulsion engines at
launch, the ship had a mass of 5,600 kg (12,300 Ib).

The Cassini ship's way was 6.8 meters (22 ft) high
and 4 meters (13 ft) wide. The complexity of space has
been increased by its trajectory (the flight path) to Saturn
and the ambitious science at the destination. Cassini had
1,630 interconnected electronic components, 22,000 wire
connections and 14 kilometers of cables. The CPU of the
central control computer was a redundant MIL-STD-
1750A system. The main propulsion system consisted of
an R-4D with a primary bipolar and reserve missile.
Engine power was 490 newtons and the delta-v was
about 2040 meters per second. Smaller rockets with
propulsion have provided control of attitude.

Cassini was fed with 32.7 kg of plutonium-238 - the
heat of radioactive degradation of the material was
transformed into electricity. Huygens was supported by
Cassini during a cruise but used chemical batteries when
he was independent.

The probe contained a DVD of more than 616,400
signatures from citizens in 81 countries, collected in a
public campaign.

Until September 2017, the Cassini probe continued
on orbit Saturn at a distance of 8.2 and 10.2 astronomical
units on Earth. It took 68 to 84 minutes for radio signals
to travel from Earth to spacecraft and vice versa. So,
ground controllers could not provide "real-time"
instructions for day-to-day operations or unexpected
events. Even if the answer was correct, it should have
been more than two hours before a problem occurred and
the satellite engineers received the answer.

Cassini's measuring instruments consisted of: A
diaphragm synthetic radar mapping, an imaging system
with charge devices, a visible/infrared recording
spectrometer, a composite infrared spectrometer, a cosmic
dust analyzer, a radio experiment and a spectrometer with
plasma, plasma spectrometer, ultraviolet imaging
spectrograph, magnetosphere imaging instrument, a
magnetometer and an ion/neutral mass spectrometer.
Telemetry from the communications antenna and from
other special transmitters (an S-band transmitter and a
dual frequency band system) has also been used to
observe Titan's and Saturn's atmospheres and to measure
the gravitational fields of the planet and its satellites.

CAPS was an in-situ instrument that measures the flow
of charged particles at the spacecraft's location, depending
on direction and energy. The ionic composition was also
measured using a time-to-flight mass spectrometer. CAPS
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measured the particles produced by ionizing the molecules
in the Saturn and Titan ionospheres, as well as the
Enceladus chickens. CAPS has also investigated plasma
in these areas, along with solar wind and interaction with
Saturn's magnetosphere. CAPS was closed in June 2011
as a precaution because of a "soft" shortcut that appeared
in the tool. He has fired again in March 2012, but after
78 days another deficit forced the instrument to be
permanently closed.

The CDA was an in-situ instrument that measured the
size, velocity and direction of small particles of dust near
Saturn. It could also measure the chemical elements of
the berries. Some of these particles have blinded Saturn,
while others have come from other star systems. CDA in
orbit was designed to learn more about these particles,
materials from other heavenly bodies and possibly the
origins of the universe.

CIRS was a remote detection tool that measures
infrared radiation in objects to learn about temperatures,
thermal properties and compositions. Throughout the
Cassini-Huygens mission, CIRS measured infrared
emissions from the atmosphere, rings and surfaces of
the vast Saturn system. He mapped the atmosphere of
Saturn in three dimensions to determine the
temperature and pressure profiles with altitude, gas
composition and aerosol and clouds distribution. He also
measured the thermal characteristics and composition of
satellite surfaces and rings.

INMS was an in situ instruments that measured the
composition of charged particles (protons and heavier
ions) and neutral particles (atoms and molecules) near
Titan and Saturn to learn more about their atmosphere.
The instrument used a quadrupole mass spectrometer.
INMS has also been designed to measure the positive
and neutral ionic environments of satellites and rings
frozen by Saturn.

ISS was a remote detection tool that captured most of
the images in visible light, as well as some infrared
images and ultraviolet images. SIS took hundreds of
thousands of images of Saturn, its rings and satellites.
The ISS system has both a Wide-Angle Camera (WAC)
and a Narrow-Angle Camera (NAC). Each of these
cameras used an electromagnetic wave (CCD) sensor.
Each CCD had a pixel matrix of 1024, 12 um on one side.
Both cameras allow many data collection modes including
chip compression and have been equipped with spectral
filters that rotate on a wheel to see different bands in the
electromagnetic spectrum from 0.2 to 1.1 pm.

MAG was an in situ instruments that measured the
strength and direction of the magnetic field around
Saturn. The magnetic fields are partly generated by the
melted core in the center of Saturn. Measurement of the
magnetic field is one of the ways of exploring the
nucleus. MAG aimed to develop a three-dimensional
model of Saturn's magnetosphere and to determine
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Titan's magnetic state and atmosphere as well as frozen
satellites and their role in Saturn's magnetosphere.

MIMI was both an in-situ and remote detection tool
that produces images and other data about particles
trapped in the giant magnetic field or Saturn's
magnetosphere. The in-situ component measured energy
ions and electrons, while the remote detection component
(ionic and neutral camera, INCA) was a neutral energy
imager. This information was used to study the general
configuration and dynamics of the magnetosphere and its
interactions with the solar wind, the atmosphere of Saturn,
Titan, rings and frozen satellites.

The onboard radar was an active and passive
detection tool that produced maps of Titan's surface. The
radar waves were strong enough to penetrate into the
thick veil of fog surrounding Titan. By measuring the
time of sending and returning signals, it is possible to
determine the height of large surface features such as
mountains and canyon. The passive radar listened to the
radio waves that Saturn or its moons can emit.

RPWS was an on-site tool and a remote detection
tool that receives and measures radio signals from
Saturn, including radio waves given by solar wind
interaction with Saturn and Titan. The RPWS measured
the fields of electric and magnetic waves in the
interplanetary environment and planetary magnetospheres.
It also determined the density and temperature of electrons
near Titan and some regions of the Saturn magnetosphere
using either waveforms in plasma at characteristic
frequencies (e.g., the upper hybrid line) or a Langmuir
probe. The RPWS studied Saturn's magnetic field
configuration and its relationship with Saturn's Kilometer
Radiation (SKR), as well as monitoring and mapping
Saturn's ionosphere, plasma and lightning in Saturn's
atmosphere (and possibly Titan).

The RSS was a remote detection tool that used radio
antennas on Earth to see how the spacecraft's radio
signals changed while they were sent through objects
such as Titan's atmosphere or Saturn rings or even in the
Sun's back. The RSS study also studied atmospheric and
ionospheric compositions, pressures and temperatures,
radial structure and particle size distribution in rings,
mass and body systems and gravitational field. The
instrument used the X-band communication link as well
as the uplink and downlink of the S-band and tape.

UVIS was a remote detection tool that captured
images of ultraviolet light reflected by an object such as
Saturn's clouds and/or its rings to learn more about their
structure and composition. Designed to measure
ultraviolet light at wavelengths between 55.8 and 190
nm, this instrument was also a tool to determine the
composition, distribution, aerosol particle content and
atmospheric temperatures. Unlike other types of a
spectrometer, this sensitive instrument can take both
spectral and spatial readings. He was particularly adept
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at determining the composition of the gases. Spatial
observations have had a broad and narrow vision, with a
single large pixel and 64 pixels. The spectral size was
1,024 pixels per pixel space. It could also take many
pictures to create movies about how this material is
moved by other forces.

VIMS was a remote detection tool that captured
images using visible and infrared light to learn more
about Saturn's composition and the surface of Titan's
moon, ring and atmosphere. It consisted of two chambers
- one used to measure visible light, the other in infrared.
VIMS measured radiation reflected and emitted by
atmospheres, rings and wavelengths from 350 to 5100
nm to determine their compositions, temperatures and
structures. He also noticed the light of the sun and the
light of the stars passing through the rings to learn more
about their structure. Scientists have used VIMS for
long-term studies on cloud movement and morphology
in the Saturn system to determine Saturn's
meteorological patterns.

Due to the distance between the Saturn sun, solar
networks were not feasible as energy sources for this
space probe. To generate enough power, such arteries
would have been too big and too heavy. Instead, the
Cassini  orbit was fed by three Radio-isotopic
thermoelectric Generators (RTGs) with natural calorific
heat of approximately 33 kg of plutonium-238 (as
plutonium dioxide) to generate direct electrical energy
through thermoelectric power. Cassini X-ray has the
same design as those used in the New Horizons, Galileo
and Ulysses probes and designed to last a long life. At
the end of the 1l-year nominal allocation, Cassini
managed to produce electricity from 600 to 700 watts.
One of the Cassini reserve backup radiographs was used
to force the New Horizons mission to Pluto and the
Kuiper belt, designed and launched later.

To get a boost while flying, the Cassini mission
trajectory includes several dust-engraved maneuvers:
Two passes of Venus, another part of the Earth, then one
of the planet Jupiter. The ground fly was the last case the
probe puts any danger imaginable for human beings. The
maneuver was successful and Cassini passed 1771 km
above Earth on August 18, 1999. If there had been a
failure that would cause the probe to collide with the
Earth, the full NASA environmental impact study
estimated that the worst case with a significant amount
of 23kg of plutonium gauze dispersed in the Earth's
atmosphere, so up to five billion people in the country),
5,000 cancer deaths in the coming decades, 0.0005%,
representing a fraction of 0, 000005 billion deaths in
cancer; however, the chance of this happening was
estimated at less than one million.

The Cassini space route was able to transmit in
several different telemetry formats. The telemetry
subsystem is probably the most important subsystem
because without it there could be no data returns.
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Telemetry has been developed from the bottom
because of the use of a more modern set of computers
than previous missions. Cassini was, therefore, the first
spacecraft to adopt mini-packages to reduce the
complexity of the Telemetry Dictionary and the software
development process led to the creation of a Telemetry
Manager for the mission.

Approximately 1088 channels (in 67 mini-packages)
were assembled in the Cassini Telemetry dictionary. Of
the 67 mini-packages of reduced complexity, six mini-
packages containing the elements of the covariance
subsystem and the Kalman gain (161 s) that were not
used in normal mission missions. In 61 mini-packages,
947 measurements remain.

A total of seven telemetry maps corresponding to 7
AACS telemetry modes were built. These modes are: (1)
Recording; (2) Cruise Nominal; (3) Cruise Medium
Slow; (4) Slow Cruise; (5) Orbital Ops; (6) Av; (7) ATE
Calibration (Attitude Estimator). These 7 maps cover all
spacecraft telemetry modes.

The Huygens survey commissioned by the European
Space Agency (ESA) and named after the 18th-century
Dutch astronomer who first discovered that Titan
Christiaan Huygens investigated the clouds, atmosphere
and the surface of Titan Saturn on January 15, 2005, to
interrupt and to stop the atmosphere Titan leaves a robot
lab robot on the surface.

The probe system consisted of the probe itself that
descended to Titan and the Probe Support (PSE), which
remained attached to the orbital spacecraft. PSE
includes probe electronics, recovers data collected
during descent and processes and transmits data to
Terra Blind. The base computer's CPU was a redundant
MIL-STD-1750A control system.

The data was transmitted via a Huygens-Cassini radio
link provided by the Relay Data Relay (PDR) subsystem.
Since the probe's mission could not be commanded by
Earth's telecommunication due to its long distance, it
was automatically managed by the Data Command
Management (CDMS) subsystem. PDRS and CDMS
were provided by the Italian Space Agency (ASI).

After Cassini's launch, it was found that the data
transmitted from the polls to the European Space
Agency mission control center was largely difficult to
read. It was found that Cassini's receiver failed to
accurately process the frequency and wavelength
changes of the signal he would have received from
Huygens during his descent to Titan. The problem was
corrected by changing the distance and the Cassini
route to Huygens during the landing.

The Cassini field has made two roofs of gravity
assistance from Venus on April 26, 1998 and June 24,
1999. The space ship provided sites with sufficient
impulse to reach the asteroid belt. At that moment, the
gravity of the Sun drew the space probe back into the
inner solar system.
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On August 18, 1999, at 03:28 UTC, the craft made a
gravitational accompaniment of the Earth. With an hour
and 20 minutes before approaching, Cassini approached
the tone of the month at 377,000 kilometers and made a
series of calibration photos.

On January 23, 2000, Cassini performed a flyby of
the asteroid Mastersky 2685 at 10:00 UTC. He took
pictures five to seven hours before the flight at a distance
of 1.6 million kilometers and for the asteroid was
estimated diameter of 15-20 km.

Cassini made Jupiter's closest approach on December
30, 2000 and made numerous scientific measurements.
Approximately 26,000 images of Jupiter, its thin rings
and the moon were taken over the six months. It
produced the most comprehensive global color portrait
in the world (see image on the right), where the smallest
visible features are about 60 km (37 mi) above.

Cassini photographed o crossing Jupiter on January
1,2001.

An important discovery of the plane announced on
March 6, 2003, was Jupiter's atmospheric movement.
Tents alternate dark areas of "light" in the atmosphere
and scientists have long considered palm clouds in the
surrounding air, partly because of the many clouds on
Earth where the air is growing.

Other atmospheric observations included a dark, dark,
high-fog oval, the magnitude of the Big Spot near the
northern field of Jupiter. Infrared images have revealed
aspects of motion near wind racks around the world, with
adjacent bands moving in opposite directions.

The same announcement also discussed the nature of
Jupiter's rings. The lack of light in the particles of rings
has shown that the particles have an irregular shape
(rather than spherical) and probably originate from the
micrometeorite impact on the moons of Jupiter, perhaps
Metis and Adrastea.

On October 10, 2003, the mission scientist announced
the results of Albert Einstein's theory of general relativity,
made using the radio waves transmitted by the Cassini
space probe. Radio scientists measured a radio frequency
shift to and from the space ship as it passes through the
Sun. According to the general theory of relativity, a
massive object, such as the Sun, produces space-time to
curve, causing a beam of radio waves (or light or any form
of electromagnetic radiation) passing through the Sun to
shift to Shapiro's delay.

Although some deviations measured against the
values calculated using the general theory of relativity
are predicted by some unusual cosmological models, no
deviations have been found in this experiment. Previous
tests using the radio waves transmitted by Viking and
Voyager probes were consistent with the values
calculated from general relativity to a thousand accuracy.
Several refined measurements from the Cassini probe
have improved this accuracy to around 51,000. The data
firmly support the general theory of Einstein's relativity.
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In total, the Cassini mission discovered seven new
moons in Saturn's orbit. Using Cassini imagery,
researchers discovered Methone, Pallene and Polydeuces
in 2004, though later analysis showed that Voyager 2
photographed Pallene in 1981 when he flew the ringtone.

On May 1, 2005, Cassini discovered a new moon in
Keeler Bay. It was called S/2005 S 1 before being named
Daphnis. The fifth month was discovered by Cassini on
May 30, 2007 and was provisionally named S/2007 S 4.
It is now known as Anthe. A press release dated
February 3, 2009, showed a new Cassini new month.
The moon represents about 1/3 of the diameter of the
annular ring G of Saturn's annular system and is now
called Aegaeon (formerly S/2008 S 1). A press release
dated November 2, 2009, mentions the seventh new
month found by Cassini on July 26, 2009. It is currently
labeled S/2009 S 1 and is about 300 m (1000 ft) in
diameter in the B-ring system.

On April 14, 2014, NASA scientists reported the
possibility of starting a new month in Saturn A.

On June 11, 2004, Cassini flew a month, Phoebe.
This was the first opportunity for in-depth studies this
month (Voyager 2 made a distant journey in 1981 but
did not return detailed images). It was also possible for
Cassini, for Phoebe, due to the orbital mechanics
available around Saturn.

The first photos were received on June 12, 2004 and
mission scientists immediately realized that the Phoebe
surface was different from the asteroids visited by
spacecraft. Parts of the very crafted surface look very
bright in these images and it is believed that there is a
large amount of water under its immediate surface.

In an announcement of June 28, 2004, Cassini
scientists described the measurement of Saturn's rotation
period. Since there are no fixed surface characteristics
that can be used to achieve this period, the repetition of
radio emissions has been used. These new data have
agreed to the latest measured values on Earth and have
been a puzzle for scientists. It seems that the rotation
period of the radio has changed since it was first
measured in 1980 by Voyager 1 and it was now 6
minutes longer. This, however, does not indicate a
change in the global rotation of the planet. It is believed
to be due to variations in the upper atmosphere and the
ionosphere at latitudes that are magnetically connected to
the radio source region.

On July 1, 2004, the spacecraft flew through the gap
between the F and G rings and obtained orbit after a
seven-year journey. It was Saturn's first spacecraft ever.

Cassini's Orbital Insertion (SOI) was complex,
requiring the ship to route the High-Gain antenna away
from Earth and along its flight path to protect the
particles of Saturn's ring. Once the boat crossed the ring
plane, it had to rotate again to straighten the engine along
the flight path and then the engine began to detect the
load with 622 meters/s to allow Saturn to capture it.
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Cassini was captured by Saturn's gravity at 8:54 am
Pacific on June 30, 2004. During the maneuver, Cassini
crossed over 20,000 km of Saturn clouds.

When Cassini was in Saturn's orbit, the appreciation
of the Saturn system was assessed in 2008 at the end of
mission planning.

Cassini had the first flights of Titan on July 2, 2004,
the day after the orbital insertion, when he approached
Titan in the 339,000 kilometers. Images made by special
filters (able to see through the fog of the moon) showed
southern polar clouds considered methane and surface
characteristics with a very different glow. On October
27, 2004, the spacecraft executed Titan's first planned
flight, over 1,200 miles above the moon. Almost four-
gigabit data were collected and transmitted to Earth,
including the first radar images of the misty surface. He
showed that the surface of the Titanium (at least the area
covered by radar) is relatively level, the topography
reaching a maximum of 50 meters in altitude. Coverage
provided a remarkable increase in image resolution over
previous coverage. Up to 100 times more resolutions
were made and are typical of Titan flight plan
resolutions. Cassini gathered the images of Titan and the
methane lakes were similar to the lakes on Earth.

Cassini launched the Huygens probe on December
25, 2004, by means of arched and spiral tracks designed
to rotate the probe for greater stability. He entered
Titan's atmosphere on January 14, 2005 and after a two-
and-a-half-hour descent, he landed on solid ground.
Although Cassini managed to successfully pass the 350
images he received from Huygens on his landing and
landing site, a software error failed to activate one of the
Cassini receivers and caused the loss of another 350
images. During the landing, for caution, NASA loaded
Huygens with 3 parachutes.

In the first two intersections of Enceladus in 2005,
Cassini discovered a deviation of the local magnetic field
that is characteristic of the existence of a thin but
significant atmosphere. Other measurements obtained at
that time in ionized water vapor as the main constituent.
Cassini also noticed the ice geysers that broke out of the
southern pole of Enceladus, which gives more credibility
to the idea that Enceladus supplies the particles in the
Saturn E ring. Scientists in the mission have begun to
suspect that water pockets may appear liquids close to
the surface of the month that feeds rash.

On March 12, 2008, Cassini moved to Enceladus, 50
km from the surface of the moon. Spatial vessels
crossing the pits that extend from the southern geysers
detect water, carbon dioxide and various hydrocarbons
with the mass spectrometer, while surface characteristics
are characterized by temperature much higher than the
infrared spectrometer environment. Cassini failed to
collect data with his cosmic dust analyzer due to an
unknown software error.

On November 21, 2009, Cassini made the eighth trip
from Enceladus, this time with a different geometry
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approaching 1,600 kilometers of surface. The Composite
Infrared Spectrum (CIRS) produced the Bagdad Sulcus
thermal emission map. The data obtained contributed to
the creation of a detailed and high-resolution image of
the Southern Moon, Saturn.

On April 3, 2014, nearly ten years after Cassini enters
Saturn's orbit, NASA has proven to be a large and rich
sea of liquid water in Enceladus. The presence of a salty
inner ocean, in contact with the rocky core of the moon,
places Enceladus "among the most probable places in the
solar system to host a foreign microbial life." On June
30, 2014, NASA celebrated the 10-year exploration of
Cassini, Saturn and its moons, highlighting the discovery
of Enceladus's water activity among other discoveries.

In September 2015, NASA announced that Cassini
gravity and imaging data were used to analyze the
Enceladus perennial orbital plants and determined that
the surface of the moon was not rigidly associated
with its nucleus, concluding that the underground
ocean must, therefore.

On October 28, 2015, Cassini approached Enceladus,
coming in 49 km (30 mi) of surface and crossing the ice
over the southern pole.

In May 2005, Cassini began a series of radio-occult
experiments to measure the particle size distribution in
Saturn's rings and measure Saturn's atmosphere. For four
months, the boat was designed for this purpose. During
these experiments, he flew the plane of Saturn's ring, as
seen on Earth and transmitted radio waves through
particles. Radio signals received on Terra were analyzed
to change the frequency, phases and signal strength to
determine the structure of the rings.

In the images captured on September 5, 2005, Cassini
detected the Saturn rings (Fig. 6), previously observed
only by Stephen James O'Meara's visual observer in
1977 and subsequently confirmed by Voyager spacecraft
in the early 1980s.

The radar images obtained on July 21, 2006, seem to
show liquid hydrocarbon lakes (such as methane and
ethane) in the northern latitudes of Titan. This is the first
discovery of existing lakes anywhere on earth. Lakes
vary from one to one hundred kilometers.

On March 13, 2007, the Jet Propulsion Laboratory
announced that it found solid evidence of methane and
ethane in Titan's northern hemisphere. At least one of these
is larger than any of the Great Lakes in North America.

In November 2006, scientists discovered a storm at
the southern pole of Saturn, with a distinct eyewall. This
is characteristic of a hurricane on Earth and has never
been seen on another planet. Unlike a terrestrial
hurricane, the storm seems to be stationary at the pole.
The storm has a height of 8,000 kilometers and a height
of 70 kilometers (43 miles), with the wind blowing at
560 kilometers per hour (350 mph).

On September 10, 2007, Cassini wrapped the walnut-
shaped lapetus roof in two tones. The images were taken
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from 1,600 km above the surface. When he sent the
images to Earth, he was hit by a cosmic ray that
temporarily forced it. All flight data was recovered.

On April 15, 2008, Cassini received funding for an
extended mission of 27 months. It consisted of 60 orbits
of Saturn, with 21 planes near Titan, seven of Enceladus,
six of Mimas, eight of Tethys and a destination in Dione,
Rhea and Helene. The expanded mission began on July
1, 2008 and was renamed the Cassini Equinox mission,
while the mission coincided with Saturn's equinox.

A proposal was submitted to NASA for a second
extension of the mission (September 2010 - May 2017),
provisionally referred to as the extended mission or
XXM. This ($§ 60 million a year) was approved in
February 2010 and was renamed the Cassini Solstice
Mission. He included Cassini in Saturn's orbit several
times, making 54 additional flights of Titan and 11
Enceladus.

On October 25, 2012, Cassini witnessed the massive
storm from White, which is about 30 years old on
Saturn. Data from the Infrared Spectrometer Composite
Instrument (CIRS) indicated a strong storm discharge
that caused a rise in the temperature of the Saturn 83K
(83 ° C, 149 ° F) stratosphere compared to normal. At
the same time, a huge increase in ethylene gas has been
detected by NASA researchers at Goddard Research
Center in Greenbelt, Maryland. Ethylene is a colorless
gas that is extremely unusual on Saturn and is produced
both naturally and by anthropogenic sources on Earth.
The storm that caused this unloading was first observed
by the spacecraft on December 5, 2010, in the northern
hemisphere of Saturn. The storm is the first of its kind
observed by a spacecraft in orbit around Saturn, as well
as the first observed in infrared wavelengths, allowing
scientists to observe the atmosphere of Saturn and
observe the phenomena that are invisible to the naked
eye. Condensation of ethylene gas produced by the storm
has reached levels 100 times higher than those thought
possible for Saturn. Scientists have also determined that
the storm was the largest and most powerful
stratospheric vortex ever detected in the solar system,
initially being larger than Jupiter's Greate Red Spot.

On December 21, 2012, Cassini noticed a transit of
Venus over the Sun. The VIMS instrument analyzed
the sunlight passing through the Venusian
atmosphere. VIMS previously noticed the transit of
the exoplanet HD 189733 b.

On July 19, 2013, the probe was directed to Earth to
capture an image of the Earth and the Moon, as part of
the natural light, of the multiple images of the entire
Saturn system. The event was unique because it was the
first time that NASA informed the public that a long
distance photo was made in advance. The imaging team
said he wanted people to smile and join the sky and
Cassini researcher Carolyn Porco described time as a
chance to "celebrate blue life."
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Fig. 6: The Saturn rings

Cassini last launched Hyperion on 31 May 2015, at a
distance of about 34,000 km (21,000 mi).

Between 2012 and 2016, the persistent hexagonal
cloud pattern at Saturn's northern pole changed from a
blue color, especially in a golden color. A theory for this is
a seasonal change: Exposure to sunlight can create opacity
when the pole returns to the sun. It was previously noted
that during 2004-2008 it was less white on Saturn.

Cassini's end involved a series of steps close to
Saturn, approaching the rings, then entering Saturn's
atmosphere on September 15, 2017, to destroy the space
ship. This method has been chosen because it is
imperative to ensure protection and to prevent biological
contamination in any of the moons of Saturn considered
to provide potential habitats.

In 2008, a number of options were assessed to
achieve this objective, each with different funding,
scientific and technical challenges. A brief impact on
Saturn's impact at the end of the mission was rated
"excellent" because "the D-Ring option meets AO
targets that are unrealized, cheap and easy to access,"
while a frozen collision of the month was "time".

On November 29, 2016, the ship made a Titan flight
that led to the orbital portion of the F ring: This was the
beginning of the Grand Finale phase, culminating in its
impact on the planet. An ultimate Titan flyby on April
22, 2017, changed orbit again to fly through the gap
between Saturn and his inner rings later on April 26.
Cassini passed over 3100 km (1900 mi) above the Saturn
cloud and 320 km) the inner ring; successfully captured
the images of Saturn's atmosphere and began to return
the data the next day. After another 22 orbits, the
mission ended with a dive in Saturn's atmosphere on
September 15; the signal was lost at 7:55:46 AM EDT
on September 15, 2017, just 30 seconds later than
expected. It is estimated that the spacecraft burnt about
45 seconds after the last transmission.

In September 2018, NASA won an Emmy Award for
an original interactive program for the Grand Final
presentation of the Cassini Saturn mission.

In January 2019, new research was published using
data collected during Cassini's Grand Finale phase:

Stopping the last round allows scientists to measure
the duration of a day on Saturn: 10 h, 33 min and 38 sec.

Saturn's rings are relatively new, 10 to 100 million
years old. Perhaps they were formed in the era of
dinosaurs on Earth.
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However, thanks to the increasing yields of solar
cells, the last two spacecraft developed for the
exploration of Jupiter - Juno and JUICE use solar panels
which are however very large (60 m* for Juno). These
generators were also used on two machines launched to
the surface of Mars - Viking 1 and 2 and the Curiosity
rover because they make it possible to get away from the
day/night cycle and are insensitive to the deposits of
dust. The generators provide modest power: 100 W (45
kg) for Curiosity, 300 W (~ 56 kg) for US space probes
in service at the beginning of the 21st century. To meet
their electrical needs some probes ship up to three
generators (Cassini, Voyager).

The space probe to fulfill its mission needs a
propulsion system. This one can fulfill several roles
which depend on the objectives of the mission and
certain choices of the architecture of the space probe:

e Placed in orbit around the planet to be studied
(orbiter)

Course corrections

Desaturation of the reaction wheels if the space
probe uses this system to control its orientation
Orientation control in the absence of reaction wheels
Control of the velocity vector when the main
propulsion is used

These different types of use require thrusters with
very different characteristics (thrust, number of firings,
duration). Also, the spacecraft usually has several types
of thrusters to deal with these needs. In a relatively
conventional way, a space probe comprises the main
rocket engine with a thrust of several hundred Newtons
for launching, clusters of small thrusters whose thrust
ranges from a few tenths to a few N. for orientation
control and thrusters of a few dozen Newtons for
trajectory or orbit corrections.

These are generally mono-ergol liquid propellant
engines burning hydrazine or pergolas (usually
hydrazine + hydrogen peroxide) which have the
advantage of being storable for long periods of time and
of being hypergolic (to burn spontaneously without
firing device). These propellants are generally
pressurized by helium itself stored in tanks under high
pressure. Smaller cold gas thrusters (used to avoid
pollution of instruments or collected samples, ionic
engines (Deep Space 1 demonstrator, Dawn) are also
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more rarely found which require a suitable mission
architecture and solid propellant engines (for insertion
into orbit) used at the beginning of the space age (lunar
landers of the Surveyor program).

The telecommunication system of a space probe is
responsible for the exchange of data between it and the
stations on Earth. These include in the sense spacecraft-
Earth periodically provided telemetry data that can
monitor the status of the spacecraft and the data collected
by the scientific instruments that materialize the results
of the mission. In the direction, Earth-spacecraft passes
the instructions given to the probe as well as any
software updates. The characteristics of the
telecommunication system depend on the distance
between the space probe and the Earth, the amount of
energy available, the mass of the probe. The most
visible component of the system is the large gain
satellite dish. The higher the diameter of this antenna,
the more the radio beam emitted can be concentrated
and the flow rate is high, which is vital when the
distance to the Earth causes a sharp drop in the flow
rate. The antenna can be fixed or steerable to allow it to
point to the Earth independently of the orientation
selected for the probe often constrained by the direction
of the Sun (energy production) or with respect to the
object under study (cameras).

For the radio link to work, the radio beam emitted by
the large gain antenna must be pointed precisely towards
the Earth. The spacecraft also has omnidirectional low-
gain antennas that allow only a very low data rate but do
not require pointing. These antennas are implemented at
a short distance from the Earth but they allow above all
to maintain the radio link in the event of failure of the
pointing problem of the large gain antenna for example
when the space probe can no longer maintain its
orientation at following a failure of his computer or his
attitude control system. There are also antennas with
intermediate characteristics called gain means that emit a
wide beam of 20 to 30° with average flow rates. The
radio transmitter transmits in S, X or Ka-band.

The majority of scientific instruments aboard a
spacecraft, especially aboard an orbiter, rely on the
analysis of the electromagnetic radiation emitted by the
objects observed. These instruments are, for example,
cameras, spectrometers, radars. They exploit the fact that
matter in all its states (gas, solid...) emits radiations
which constitute a signature allowing to identify and to
quantify its components (molecules or at fault type of
atom). Indeed, space is permanently crossed by the
electromagnetic radiation produced by celestial objects
(stars, planets) but also resulting from past events (star
explosion, Big Bang...). This radiation is more or less
energetic (radio waves less energy to gamma rays
through microwave radiation, infrared, visible light,
ultraviolet and X-rays) depending on the phenomenon
that gave birth. The material interacts with this
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radiation: Depending on the wavelength of the incident
radiation it can absorb this radiation (absorption lines)
or it can re-emit it with a stronger intensity in other
wavelengths (emission lines). The phenomenon of
fluorescence in which a material is struck by non-
visible radiation and re-emitted in the visible radiation
is the most popularized case.

The instruments are classified into 4 main categories
according to the observation method used:

Remote sensing/Direct observation

Remote sensing is the observation of an object at a
distance. The cameras make it possible to obtain by this
method an image of a distant object and a spectrometer
measures the wavelengths of the radiation emitted by
this object.

Direct, or in situ observation is the measurement of
phenomena in contact with the instrument's sensors: A
magnetometer measures the magnetic field in the
immediate vicinity of the instrument and a dust detector
measures the particles that strike its sensor directly.

Passive/Active Instrument

Instruments that make direct observations, such as those
that use remote sensing, are either passive or active.

An active instrument uses energy to probe an object;
this is, for example, the case of a radar which emits radio
waves which are reflected by the studied object; these
are then analyzed. This is also the case for the alpha
particle X-ray spectrometer, which emits high-energy
particles from a radioactive source. These last come to
strike the object put in contact with it (a rock) and the
instrument analyzes the X-rays returned by the object.

A passive instrument merely observes what is already
there without providing energy to probe the object. This is
the case of a camera unless a bright spot comes to
illuminate the object (case of the camera onboard Huygens).

Some molecules, such as nitrogen or argon interact
little with electromagnetic radiation. Heavy molecules,
on the other hand, interact in a complex manner with
emissions distributed over the entire spectral band,
which makes their interpretation and the identification of
the original molecule difficult. The mass spectrometer is
an instrument used to identify and quantify molecules of
this type. It is an instrument that is also well suited to
cases where the density of molecules is low9. The mass
spectrometer works in contact with the material used
which limits its use to atmospheric probes and devices
that land on the surface of the studied celestial objects
(lander, rover). Its operation is based on the
measurement of the mass of molecules. Different
techniques can be used. After being ionized the material
to be analyzed passes into a detector which can be a
quadrupole analyzer, (analysis of the trajectory in a
magnetic field) or a speed measuring system, etc.
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Conclusion

A space probe is a robotic spacecraft that does not
orbit Earth, but instead, explores further into outer space.
A space probe may approach the Moon; travel through
interplanetary space; flyby, orbit, or land on other
planetary bodies; or enter interstellar space.

The space agencies of the USSR (now Russia and
Ukraine), the United States, the European Union, Japan,
China, India and Israel have collectively launched probes
to several planets and moons of the Solar System, as
well as to a number of asteroids and comets.
Approximately 15 missions are currently operational.

Once a probe has left the vicinity of Earth, its
trajectory will likely take it along an orbit around the
Sun similar to the Earth's orbit. To reach another planet,
the simplest practical method is a Hohmann transfer
orbit. More complex techniques, such as gravitational
slingshots, can be more fuel-efficient, though they may
require the probe to spend more time in transit. Some
high Delta-V missions (such as those with high
inclination changes) can only be performed, within the
limits of modern propulsion, using gravitational
slingshots. A technique using very little propulsion, but
requiring a considerable amount of time, is to follow a
trajectory on the Interplanetary Transport Network.

The Mars Exploration Rovers, Spirit and Opportunity
landed on Mars to explore the Martian surface and
geology and searched for clues to past water activity on
Mars. They were each launched in 2003 and landed in
2004. Communication with Spirit stopped on Sol 2210
(March 22, 2010). JPL continued to attempt to regain
contact until May 24, 2011, when NASA announced that
efforts to communicate with the unresponsive rover had
ended. Opportunity arrived at Endeavour crater on 9
August 2011, at a landmark called Spirit Point named
after its rover twin, after traversing 13 miles (21 km) from
Victoria crater, over a three-year period. After a planet-
wide dust storm in June 2018, the final communication
was received on June 10, 2018 and Opportunity was
declared dead on February 13, 2019. The rover lasted for
almost fifteen years on Mars - although the rover was
intended to last only three months.

The first dedicated missions to a comet; in this case,
to Halley's Comet during its 1985-86 journey through the
inner Solar System. It was also the first massive
international coordination of space probes on an
interplanetary mission, with probes specifically launched
by the Soviet (now Russian) Space Agency, European
Space Agency and Japan's ISAS (now integrated with
NASDA to JAXA).

Originally a solar observatory in the International
Sun-Earth Explorer series, it was sent into solar orbit to
make the first close observations of a comet, Comet
Giacobini—Zinner, in 1985 as a prelude to studies of
Halley's Comet.
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Vega, the Russian/French spacecraft. They dropped
landers and balloons (first weather balloons deployed on
another planet) at Venus before their rendezvous with
Halley's Comet.

This Japanese probe, Sakigake, was the first non-US,
non-Soviet interplanetary probe.

Giotto, the first space probe to penetrate a comet's
coma and take close-up images of its nucleus.

Genesis was the first solar wind sample return probe
from sun-earth L1.

Stardust was the first sample return probe from a
comet tail.

NEAR Shoemaker was the first probe to land on an
asteroid.

The Rosetta space probe flew by two asteroids and
made a rendezvous and orbited comet 67P/Churyumov-
Gerasimenko in November 2014.

Pioneer 10 first probe to Jupiter. Radio
communications were lost with Pioneer 10 on January
23, 2003, because of the loss of electric power for its
radio transmitter, with the probe at a distance of 12
billion kilometers (80 AU) from Earth.

Pioneer 11 first probe to fly by Saturn.
Communications were later lost due to power constraints
and vast distance.

Voyager 1 is a 733-kilogram probe launched
September 5, 1977. It visited Jupiter and Saturn and was
the first probe to provide detailed images of the moons
of these planets.

Voyager 1 is the farthest human-made object from
Earth, traveling away from both the Earth and the Sun at
a relatively faster speed than any other probe.

As of September 12, 2013, Voyager 1 is about 12
billion miles (19 billion kilometers) from the Sun.

Voyager 2 was launched by NASA on August 20, 1977.

The probe's primary mission was to visit the ice
giants, Uranus, Cassini-Huygens was a 5,712 kg (12,593
Ib) space probe designed to study gas giant Saturn, along
with its ringed system and moons.

The NASA probe was launched with ESA lander
Huygens on October 1, 1997, from Cape Canaveral. The
Cassini probe entered Saturn orbit on July 1, 2004 and
Huygens landed on Titan, Saturn's largest moon, on
January 14, 2005.

On September 15, 2017, the probe was de-orbited
and burned up in Saturn's atmosphere, after almost 20
years in space.

New Horizons first probe to be launched to Pluto.
Launched on January 19, 2006, it flew by the Pluto—
Charon system on July 14, 2015.

Dawn was the first spacecraft to visit and orbit a
protoplanet (4 Vesta), entering orbit on July 16, 2011.

Juno was the first probe to Jupiter without atomic
batteries, launched August 8, 2011.
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Change 2 was deployed to orbit the Moon, visit Sun-
Earth L2 Lagrangian point and make a flyby of asteroid
4179 Toutatis.

Along with Pioneer 10, Pioneer 11 and its sister space
probe Voyager 2, Voyager 1 is now an interstellar probe.

Voyager 1 and 2 have both achieved solar escape
velocity, meaning that their trajectories will not return
them to the Solar System.
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